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LECTURE    XXIV. 

LET  us  for  Jt  moment  compare  this  univcrfe  to 
a  palace,  erqdedby  a  divine  architect;  and 
the  unphilofophical  fpedator  to  a  foreigner,  wh© 
only  fees  the  external  part  of  the  building.     From 
fo  fupcrficial  a  view,  ii;  U  evident  he  can  obtain 
but  a  very  unfatisfadory  idea  of  the  (kill  and  con- 
trivance of  the  GREAT  DESIGNER.    To  form  a  more 
accurate  conception,  to  perceive  it's  beauties,  to 
difcover  it's  conveniences,  it  h  neceflary  to  enter 
the  building,  to  view  each  apartment  fcparatcly,  to 
compare  the  convenience  of  every  room  (ingly, 
vith  the  fymmetry  and  elegance  of  the  whole. 

In  the  fame  manner  the  beauties  of  nature 
ftrikc  our  view  :  we  find  curiolity  allured  by  a 
variety  of  pbjeds,  animak,  vegetables,  minerals^ 
air,  water,  and  fire:  all  put  on  different  appearances 
to  pleafe,  affift,  or  aftonilh  us  :  but  in  order  to 
come  at  a  kiiowledgc  of  their  nature,  we  muft  ap- 
VoL.  III.  B  pros^ch 


^      Lectures  ok  Natural  Philosophv. 

The  inveftigation  of  properties  in  the  fenfe 
here  ufcd,  confifts  in  examining  the  phenomena  be-* 
longing  to  the  fubftance  in  queftion ;  and  afcend- 
ing  from  one  effe£l  to  another,  till  you  arrive  at 
fomething  which  is  a  caufe  agreeable  to  the  fore- 
going definition;  that  is,  which  evidently  and 
clearly  arifes  from  the  idea  of  the  fubftance  confi- 
dered,  and  which  cannot  be  feparated  from  it 
without  annihilating  the  fubftance,  or  being  infe- 
parable  therefrom  by  any  human  conception. 

It  has  been  ufual  to  reckon  among  the  proper^ 
ties  of  MATTER,  impenetrability,  extenfion,  fig^^^> 
divifibility,  hardnejs,  inertia,  motion,  attra£!ion,  and 
repulfion,  I  know  of  no  other  which  have  a  right 
to  be  examined,  as  afFeding  the  fenfes,  which,  as  I 
have  often  obferved,  can  alone  conftitute  the  fcience 
of  phylics.  Let  us  then  compare  the  ideas  of  thefc 
properties  with  the  preceding  definition^  and  you 
will  foon  fee  that  the  three  laft  mentioned  muft 
be  ex:  luded  from  the  clafs  o^ properties  fo  defined^i 
and  cannot  with  ftridl  propriety  be  termed  the  cha- 
radlers  of  materiality. 

Impenetrability,  confidered  as  expreffing  that 
two  particles  of  what  conftitutes  w?j//<?r  (whatever 
it  may  be)  cannot  exift  at  the  fame  time  in  the 
fame  place,  fo  long  as  one  retains  it's  place  it  muft 
necefl'arily  exclude  the  other,  is  undoubtedly  a 
phyfical  axiom;  the  contrary  propofition  would 
be  a  contradidion. 

The  phylical  world  would  vanifli  from  the 
eyes  of  the  underftanding,  and  we  ftiould  no  longer 
have  any  notion  thereof,  if  impenetrability,  as  here 
confidered,  was  not  an  ejfential  property  of  matter. 
There  could  be  no  exiftence  of  this/ubjance,  unlefs 
the  idea  of  impenetrability  immediately  arofe  from 
it.  As  it  is  neither  the  exiftence  of  the  fubftance^ 
nor  the  caufe  of^it's  exiftence,  that  we  are  confider- 
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ut  11  prriies,  there  can  be  no  doubt  of 

firl\  pr.'  i  4  k% 

For  as  foon  as  matter  cxifts^  it  is  impenetrable; 
Is  the  firft  thing  which  conftitutcs  it's  cxift- 
e  as  matter,  that  is,  as   a  part  of  the  phyfical 
'^ orldt  an  objcd  of  the  five  fcnfes. 

Every  thing  therefore,  which  is  deduced  from 
the  imptnttrahiliiy  of  matter^  will  be  the  refult  of 
what  I  have  called  a  primary  caufe,  and  is  fubor- 
dlnate  to  nothing  elfe  but  the  caufe  of  the  exiftcncc 
of  maiien 

Extenfion   is   another  property  of  the  fame 
ind  ;  it  is  indeed  included  in  the  idea  of  impene^ 
rability^  when  it  is   confidered  with  rcfpeCt   to 
[pace^  namely,  that  two  particles  of  matter  cannot 
xift  at  the  fame  time  in  the  fame  place ;  they  arc 
hcrctbrc  extended^  that  is,  they  occupy  a  certain 
portion  of  fpace,    Exteniion  is  therefore  an  cflen- 
ly  conftituent  property  of  matter. 
Figure   is  another   property  that  neceffarily 
s  from  the  preceding  definition,  or  rather  from 
exiftcncc  of  matter  itfclf.     Whatever  is  matc- 
,  muft  have  Ji^ure  or  Ihape ;  every  finite  exten- 
i  is  terminated  or  comprehended  under  fomc 
ire. 
So  far  there  cannot  be  two  modes  of  thinking 
concerning  the  properties  of  matter,  unlefs  fome 
dchcr  fpecies  of  being  is  meant  by  the  word  mattert 
in  which  cafe  it  would  not  belong  to  our  phyfical 
\i'orld,  that  which  aftecls  our  fenfes.    But  the  re- 
taining properties  require  a  clofer  examination* 
Divifibility.     If  this  expreifion  be  confined  to 
the  polTibility  of  conceiving  that  every  atom  of 
matter  may  be  indefinitely  divided  by  a  fufficient 
power;  that  is  to  fay,  that  when  confidered  as 
^Mitndfdt   a  ri^ht  and  a  left  may  be  always  fcpa- 
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be  continually  feparated,  it  neceflarily  flows  frond 
the  idea  of  matter  as  here  defined. 

Hardnefs.  This  property  muft  be  entered  into 
more  fully,  as  at  firfl  fight  it  feems  contrary  to  the 
divifibility  of  matter ;  but  here  you  are  to  confider 
that  the  divifibility  of  matter  does  not  include  the 
idea  of  an  aHual  divifion.  The  atoms  or  firft  ele- 
ments of  matter,  that  is,  the  fmalleft  adlual  divi- 
fions,  had  an  undivided  (an  indivifible)  extenfion 
at  fome  period  of  the  phyfical  world. 

I  do  not  here  fpeak  of  the  origin  of  matter; 
but  the  exiftence  thereof  being  once  admitted,  it 
muft  neceflarily  poflTefs  indivifible  particles.  An 
aSIual  infinite  divifion  is  an  expreflion  without  any 
fcnfe  or  meaning,  it  is  contrary  to  the  very  exiftence 
of  matter ;  if  then>  in  order  to  avoid  abfurdity,  it 
be  neccflary  that  the  idea  of  matter  ftiould  contain 
that  of  indivifible  particles,  we  muft  admit  that 
there  is  a  minimum,  below  which,  though  bo'dies 
may  be  capable  of  being  reduced,  there  is  no 
power  in  the  phyfical  world  by  which  they  can  be 
divided  or  reduced.  That  is,  no  (hock  or  impaik 
that  takes  place  in  the  phyfical  univerfe  can  break 
or  fubdivide  thefe  elements;  and  this  is  what  I  here 
mean  by  bardnefs^  a  quality  eafily  underftood,  and 
which  implies  no  other  caufe  than  the  exiftence  of 
matter.  1  therefore  admit  it  without  repugnance 
as  an  hypothetical  property,  which  is  rendered  ftill 
more  probable  as  it  connects  itfclf  with  the  phe- 
nomena. 

Thus  then  I  have  pointed  out  to  you  three 
properties  which  are  elfential  to  matter  as  above 
defined,  and  without  which  you  can  form  no  idea 
thereof,  i.  Impenetrability,  whereby  it  excludes 
other  matter  from  the  fpace  it  occupies.  2.  What- 
ever is  material  muft  have  fize  and  extenfion,  and 
yet  the  largeft  ultimate  particle  of  matter  is  in  all 
X  probability 
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probability  incomparably  fmallcr  than  any  point 
I  phi!  '^  '  r^  can  form  a  diftind  idea  of,  or  than 
jlhr  ive  any  real  occallon  to  fuppoft  fubfer- 

jvicnt  to  human  rcfcarches  in  nature.    3.  What- 
f  ever  is  material  mufl  have  figure  or  (hapc  i  if  this 
[were  not  a  property  of  every  the  fmalltrfl:  unit  of 
[imttcr,  no  coUcdion  of  them  could  acquire  it  by 
combination  or   cohcfion.     4.  Diviftbiliiy^   when 
cojiJidcrcd  not  as  an  afiertion  of  the  anual  poITi- 
1)ility  of  dividing  any  parcel  of  matter  without 
end,  but  as  the  pofTibility  of  conceiving  extenlion 
J  continually  divilible  into  IcfTerand  lelTcrexten- 
n$ ;  an  unit  of  nature  is  not  compofed  of  matbe^ 
aiical  paints    cohering  together   by   attradlioni 
W  any  power  a  name    can   be  invented  for  •  a 
mathematical  point  is  a  nothing,  (a  non-entity,) 
and  an  infinite  number  of  fuch  can  never  form  one 
main  of  matter*    5*  Hardnefs^  or  the  indivifibility 
of  atoms  or  firft:  elements  of  matter:  one  atom 
THiv  be  divided  from  another^  but  no  atom  can  be 
divided  from  itfclf.     Thefc  properties  are  fo  ef- 
fcntial  to  matter,  that  they  may  be  termed  the 
€barjilfrs  of  materiality^  as  they  are  each  of  them 
infcparable  from  any  polllble  conception  human 
~    iturcs  can  attain  of  the  particles  of  the  mate-^ 
or  phylical  univerfe^ 

Before  I  proceed  to  examine  the  other  pro- 
trties  that  I  heretofore  mentioned  to  you,  it  will 
proper  to  guard  you  againft  the  mirtakes  that 
fome  have  fallen  into  in  treating  of  the  properties 
ready  explained.      Thus,  Mr.    Lx)ckc,  to  ilicw 
It  folidity  was  a  property  of  water,  ufing  the 
foHdity  as  fynonymous  to  impenetrability, 
-.the  Florentine  experiment  j  but  he  has 
..,j  applied  this  experiment  to  an  improper 
jrpofc]   and   fo   far  from  clearing  the  idea  he 
>  explain,  it  renders  it  more  confufcd  and 
.J. 
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The  experiment  is  as  follows :  a  hollow  _ 
of  gold  was  filled  with  water  and  exactly  clofcdi 
the  globe  thus  filled  being  prefTed  with  the  ex- 
treme force  of  fcrews,  the  w utcr  made  itfelf  way 
through  the  pores  of  that  clofe  and  compacft  metal, 
and  appeared  upon  the  furfacc  in  little  drops  like 
thofe  of  dew^  before  the  fides  of  the  globe  could 
be  made  to.  yield  to  the  violent  comprcITion  of  the 
fcrews  that  fqueczcd  it.  This  experiment  may  h 
ufcd  to  Ihcw  the  porofity  of  gold,  or  the  great  fore 
neceflary  to  comprefs  water,  but  by  no  rncans  t( 
demonftratc  the  impenetrability  of  water.  Muft 
wc  have  granted  that  water  was  not  impcnetrabl 
or  folid,  if  the  globe  had  yielded  while  all  the  wa 
ttr  was  in  it?  And  yet  if  the  globe  had  been  fill 
with  air,  it  might  have  been  preflTed  inward,  though 
none  of  the  air  had  efcaped  j  and  that  not  becaufc 
the  particles  of  air  are  not  impenetrable,  but  becaufc 
it  is  a  more  compreffiblc  fluid,  fo  that  the  particles 
may  be  fqucezed  clofcr  together,  and  the  lame 
quantity  thus  be  made  to  occupy  a  fmaller  fpacc. 

An  optical  illufioii  has  been  introduced   by    i 
fomc  to  prove,  that  there  may  becxtention  withou^ 
folldity.  By  an  image  formed  at  a  certain  diftunce^^ 
between  a  concave  mirror  and  any  one  looking 
into  it,  extenjkrt  and  firm  become  an  objedl  ol 
fenfe,  where  there  is  noffvfthle  reftjlavcei  but  thi 
does  not  prove  that  an  image  is  formed  in  ernpt 
Jp^ce^   or  where   there    is    no  matter ;  for  as  the 
Venfes  can  be  atiec'rcd  only  by  matter,  they  infal 
libly  determine  where  it  is,  fo  that  we  arc  as  cci 
tain  matter  ex  ills  where  ve  fee  any  thing,  thougl 
we  cannot  feel   it,  as  we  fliould  be  certain  then 
was  matter  w  here  wc  felt  it,  though  wc  could  not 
fee  it. 

It  is  here  neceflary  to  fay  fomcthing  concern- 
XTiU  fpacf^oi  which  forne  ideas  have  been  ifiitcrn 
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fitivc  idea  thai  can  be  applied  lo /pace  is  exten^ 
m;  but  m  idea  fioutd  he  applied  to  any  Jubjc^^ 
Hcb  the  fubjeci  itjclf  does  not  trnprefs. 

Matter  forces  upon  our  fcnfes  the  idea  or 
ige  of  it's  dimenfions  or  extenlion  :  but  it  is  a 
ind  of  philofophical  felony  to  Ileal  an  image 
uhich  nature  gives  us,  and  invert  a  fubject  with  it 
that  never  excited  any  idea  in  us,  and  confcqucntlf 
has  no  exiftence  to  us  ;  y  c  thus  create  nothing  into 
a  beings  by  applying  ideas  to  it  which  wc  derive 
from  fome  thing. 

Space  is  only  one  of  thofe  ideas  that  are  ex- 
cited in  the  mind  by  matter^  and  the  power  in  the 
mind  of  abftradting  from   it's  fubjed,  juft  as  wc 
can  image  a  colour  to  ourfclvcs,  without  connect- 
ing in  our  apprehenfion  a  fubjcA  vvith  it  wherein 
it  cxifts ;  a  little  more  of  the  fame  mctaphyfics 
which  can  prove  that  nothing  is  extended,  will 
prove  that  fpace  is  purple.     It  is  a  very  ingenious 
contrivance   in   philofophcrs  to  render  nothing  a 
fubjed  of  inquir)^  and  conception,  by  dreding  it  in 
a  fuit  of  clothes  borrowed   from  fomeihing^  and 
then  gravely  tell  us  that  this  nothing  is  the  form 
of  God,* 

In  the  fame  manner,  much  falfe  reafoning  ha« 
been  introduced  in  treating  of  the  f^finite  divijibi^ 
%  of  matter;  and  the  truth  of  this  hypothciis  is 
fiid  to  reft  on  mathematical  demonftration.  The 
arguments  drawn  from  the  mathcniarirs  in  favour 
of  this  queftion,  dcmonftrate  the  poffible  infinite 
divifibility  of  that  body,  which  is  the  objed  of 
fuch  invertigation  ;  but  there  is  an  cHential  diftinc- 

[lion    between   body    mathematical  and  body  pby^ 
Mi 
From  not  attending  to  this  diftiaftton,  many 
philofbphcrt 
: 


•  Sac  Dr.  Wilfon's  "  Obfcrvations  oa  Prlnciplciitid  mov^ 
^1  Powfj*  Attuincd  by  ihc  prcfcnt  Sy Item/* 
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are  no  limits  between  mTirter  and  nn^h*ng*     To 

aflcrt^  that  there  can  iicha  t  m  unic 

of  matter,  is  to  niai: 

nitc  property.     To 

is  finite,  and  at  tiic  fame  tn 

parts  arc  infinite,  is  p!iilr^  ih  itfclf^' 

and  maintaining  contrac  _j 

Time  is  made  up  of  a  pcrpciuai  iiicccfTion  oH 
years  and  days,  and  is  mtaf  ircd  b  hours,  and  mi-^ 
nutes,  and  icconds :  iiov/,  then  mouH  be  juft  as  j 
much  truth  in  alfcrting,  that  a  moment  of  time,  byfl 
fubdivilion,  may  be  lengthened  out  into  a  thoufanai 
mges,  as  there  is  in  faying,  that  n^^rijin  of  fand  may^ 
be  rarificd  and  enlarged  into  the  iu/k  of  a  planet/ 
Nothing  can  be  more  fhocking  to  reafon  than  eler^ 
nal  time\  inlinite  divilibdity  is  not  Icfs  abfurd. 

Concretes,  in  which  form  matter  is  made  fub- 
je<fl  to  the  fcnfes,  can  no  more  be  without  atoms,  or 
firft  principles,  than  numbers  in  arithmetic  can  be 
without  units. 

Having  Oiewn  you  the  abfunlity  of  fuppofing 
matter  to  be  infinitely  divifihle,  I  (hall  now  en- 
deavour to  give  you  fome  idea  of  the  parts  artualiy 
/eparate^  and  give  you  infhanccs  where  you  will 
find  the  parts  fo  fmall  and  fo  numerous,  asalmoft 
to  furpafs  imagination. 

Though   plants,  by  their  exhalations,  lofe  (b 
great  a  qur*ntiry  of  their  fubflancc,  yet  wc  cannot  ^ 
affirm,  that  the  part  afligned  for  propagating  their  ■ 
fnicll,  fuffcrs  much  by  this  fcnfible  decay.     It  ap-" 
pears,  that  the  fragrant  parts  are  endued  with  fuch 
prodigious  divifibility,  that  they  can  furnilh  fuffi- 
ciont   for  the  purpofe,  and  with  very  little  lofs  for 
a  long  con  rfe  of  time.     Every   body  knows,  that  a 
grain  of  mullv  will  make  itfelf  fmcU  in  a  manner 
not  very  agreeable,  for  a  fpace  of  twenty  years,  in  an 
apartment  where  frelh  air  is  admitted  every  day. 

A  grain  I 
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A  grain  of  leaf  gold  will  cover  50  fquarc 

inches,  and  conuins  two  millions  of  vifiblc  parts. 

M  which  covers  rhc  filver  \^  ire,  ufcd  in 

Ik     .,       Id  lact%  h  fpread  over  a  lurfacc  twelve 

times  as  great.     In  making  this  %s  ire,  it  is  ufual 

^togild  ftrongly  a  cylindrical  bar  of  filvcr,  and  af- 

^terwards  to  draw  it  into  wire,  by  drawing  it  fuc- 

ceflively   through   holes  of  different  magnitudes, 

[formed  in  places  ot  ll^ccL     By  this  means,  the  fur- 

[fcce  is   prodigioufly  augmented  ;  notwithftanding 

rhich  it  remains  gilt,  fo  as  to  prefcrve  an  uniform 

ippearance,   even  when  examined  with  the  mi- 

[crofcope.     It  has  been  calculated,    that  a  (ingle 

[grain  of  gold  would  cover  a  furface  thirty  yardi 

"fquare. 


Further  Considerations  on  Atoms. 


Atoms  mnrt  originally  fubfift  in  numbers, 
ich  cannot  be  incrcafcd  or  diminirtied;  it  is 
equally  impoiriblc  for  many  to  become  one,  as  it  is 
for  an  unit  to  be  multiplied:  fo  that  the  original 
^Hnumber  of  atoms  is  as  invariable  as  their  lizes. 
^■An  atom  may  as  foon  be  reduced  to  nothing,  as 
^Btwo  can  be  made  to  coalcfce  into  an  unchangeable 
^■fubftance. 

Number  is  the  fundamental  bafis  of  motion 
and  changes  in  matter.  An  acorn  caimot  adl  upon 
itfelf,  nor  communicate  action,  impreiled  inti- 
mately to  it's  fubftance,  though  ever  fo  large; 
but  a  concrete  can  and  does  imprufs  it*s  own 
inward  parts,  in  a  mechanical  proportion  to  the 
power  which  acts  upon  it's  furface.  If  any  body* 
though  ever  fo  fmall,  ha<;  numerical  parts^  their 
^.cohelion  muft  be  mechanical;  and  nature  can  do 
nothing,  but  what,  under  certain  circumftances,  it 
an  undo  again.     To  this  purpofc  Sir  IJaae  Niw- 
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If  aitraElkn  be  a  principle,  or  primary  proper-  ' 
ty  of  matter,  how  is  it  that  it  can  be  weakened,  fuf- 
pcndcd  for  a  time,  and  even  quite  deftroyed?  If| 
it  be  a  power  dciermininf?  matter  to  matter,  as  a 
real  eflential  property,  havr  comes  it  to  be  over- 
powered and  deltroycd  by  matter,  afting  mecha-* 
nically  upon  matter,  imce  foch  adlion  muft  always 
fce  confiftent  with,  and  fubfervient  to,  it's  original 
properties  ?  Now,  the  force  of  fire  will  fnfpcnd  the 
ftrongeft  attraQions,  From  all  we  can  underftand 
of  the  units  of  which  matter  is  compofed,  a  maft 
of  them  lying  together,  una<fted  upon  by  a  mecha- 
nical material  agency,  would  neither  attra(!:t,  gra- 
vitate, nor  take  place  of  one  another. 

Matter  hath  a  capacity  of  motion,  not  an  ahi* 
lity  to  move  ;  neither  doth  any  matter  a<fl  but  fo 
far  as  it  is  acfted  upon*  The  trumpet  hath  a  ca- 
pacity of  founding,  but  never  till  it  is  founded  ;  of 
itfelf  it  is  dead  and  filent,  and  would,  if  left  to  it- 
felf,  remain  fo  for  ever.  To  invefl:  matter  with 
any  innate  powers,  call  them  by  what  names  (at- 
tradlion,  &:c,)  you  plcafe,  is  as  contrary  to  the  real 
nature  of  matter,  as  to  fuppole  that  all  trumpets 
are  born  with  lips  and  lungs,  and  breath  of  their 
own.  A  ftringcd  inftrument  has  the  capacity  of 
fending  forth  all  pofTible  harmony;  but  it  mull  firft 
be  aflcd  upon  either  by  the  vibratory  motion  o^ 
the  air,  or  immediately  by  the  hand  of  the  mafter. 
Such  then  is  the  mobility  of  matter  ;  it  is  a  capa- 
city gf  being  moved  and  acted  upon,  but  no  mo-.^ 
tivc  faculty  of  any  kind  with  itfelf,  | 

The  operations  in  nature,  as  far  as  we  can  trace 
them,  are  carried  on   mechanically  ;  and  though 
our  fenfcs  arc   limited  as  to  the  minutite  of  that 
mechanifm,  yet  we  are  certain   that  matter  doeftfl 
exift  in  fuch  forms,  as  will  aflTorc  us  the  mecha-^ 
nifm  may ^o  on  further  than  Me  can defcribe.    AU 
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the  properties  of  matter  fit  it  to  adl  and  be  adled 

Upon  in  a  natural  way. 

Though  matter  is  not  infinitely  divifible,  yet 

it  is  certain  it's  primordial  atoms  are  indefinitely 

fmall^  fo  as  to  be  far  beyond  the  reach  of  our  fenfes. 

At  the  fame  time  our  organs  arc  machines,  fo  ex- 

quifitely  conftrudted,  as  to  be  fubjed:  to  the  im- 

preilions  of  the  fmalleft. 

But  though  the  units  of  matter  are  fo  fmall 

as  to  elude  our  fenfes,  it  does  not  therefore  follow, 
that  we  can  have  no  certain  knowledge  of  them 
or  of  their  properties.     From  the  knowledge  of 
concretes,  we  may  clearly  difcover  what  are  the 
general  and  invariable  properties  of  their  conftitu- 
cnt  atoms.     Every  concrete  enjoys  two  kinds  of 
properties:  tbt  firft  arc  fuch  as  are  infeparable 
from  it  as  matter,  and  thefe  properties  belong  to 
every  atom  of  which  a  concrete  is  compofed ;  ihe 
JecondTLTt  fuch  as  are  produced  from  matter  vari- 
oufly  combined  in  concretes;  the  latter  are  not 
the  original  properties,  though  naturally  produced 
by  them.     You  are  therefore  to  be  cautious,  left 
you  (hould  afcribe  the  different  properties  which 
matter  acquires  in  a  concrete  form,  unto  the  ori- 
ginal atoms  themfelves:  thus,   for  inftance,    you 
might  as  juftly  conclude,  that  the  units  of  which 
ivory  are   compofed,  are  white,  as  that  they  are 
daftic. 

Of  Inertia  and  Gravity. 

As  I  am  now  going  to  confider  properties 
that  relate  to  motion,  it  will  be  necelfary  to  pro- 
ceed with  care  and  circumfpedlion.  "  That  mat- 
ter at  reft  will  perfevere  for  ever  in  that  ftate, 
unlefs  it  be  compelled  by  fome  caufe  to  move," 
is  one  of  the  ideas  philosophers  have  included  in 
the  word  inertias  and  as  far  as  this  idea  goes,  with- 
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cut  confidering  it  as  a  primary  property  of  mattcfy 
en  account  of  it'^  relation  to  motion,*  it  may  be 
coniidcred  as  tru6.  ,    ; 

To  the  other  idea,  which  is  ofteiit  inchidcd  irf 
that  of  inertia,  there  are  many  objedions;  and  I 
think  you  will  hefitaite  fong  ere  yqu  adopt  it.  By 
this  we  are  taught,  "  that  any  particle  of  mattery 
which  has  been  once  put  in  motion,  will  move  oa 
^  for  ever  with  the  fame  velocity,  unlefs  flopped  or 
rcfifted."  I  do  not  know  that  any  thing  can  be 
ftarted  more  unphilofophical  than  this  notion  •;  ai 
notion  which  gives  to  matter  an  eternal  power  of 
changing  it's  place,  in  confequence  of  it's  being 
once  difquieted.  But  leaving  every  other  confide-* 
ration  out  of  the  place,  aii  we  do  not  know  what 
motion  is  in  itfelf,  it  would  be  a  queftion,  whe- 
ther the  inettia,  here  fuppofed,  flowed  from  the 
nature  of  matter  Or  motion ;  a  queftion  that  ma/ 
be  ranked  among  thofe  that  are  indeterminable, 
This  alone  will  exclude  inertia  in  the  fecond  fenfe 
of  the  word,  from  the  number  of  properties. 

In  the  Ledlures  on  Mechanics  it  is  lliewn^ 
that  the  notion  of  the  vis  inertia,  in  the  f(^ond 
fenfe,  is  repugnant  to  found  reafoning,  and  un^ 
fupported  by  any  experimental  evidence,  and  tor 
leflen  the  efted:  of  prejudice,  it  is  there  alfo  fliewn^* 
that  fome  of  the  firft  mathematicians  have  con- 
fcfled,  that  the  vis  inertia,  confidered  in  the  fenfc 
ufually  attributed  thereto,  muft  be  abandoned. 

llic  refiftance  obferved  in  matter,  arifes  fronV 
that  certain  determination,  which  all  the  parts  of 
matter  are  under,  from  their  fituation  and  connec- 
tion in  the  general  fyftem  ;  and  in  confequence  of 
whicli,  they  require  a  force  to  turn  them  out  of 
that  way,  which  is  appointed  to  them  by  the  efta- 
bliflied  laws  of  nature.  How  far  any  parcel  of 
matter  would  refift,  if  it  could  be  taken  indepen- 
dent of  the  pjrefent  frame  of  nature,  and  whaE 
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^ould  be  requlfiic  in  fuch  a  cafe,  to  move 

ivea  quantity  of  mdttcr  in  all  directions  in- 

Fcrcntlf,    we  cannot   tell,   becaufe  we  cannot 

lace  ai\y  mattcf  in  fuch  a  ftate  to  make  a  trial. 

I  muft  own  it  appears  to  me  exceeding  clear, 

fbal  no  particle  of  tnaifet  can  move  a  fingle  ivjlant^ 

\ti  ikfprefcttce  f^ the  moving  caufeJ'     In  this  pro-- 

Ion,  mtition  is  indeed  conlidered,  not  as  a  mere 

jjf,  but  as  fomething  reah  and  which  \% 

'aliv:.  if^n  to  matter  I  fo  much  io,  that  matter 

conn  obeys  an  adlive  caufc,  which  flows  orU 

inaJly  from  a  clafs  of  hemgs  totally  diftind  from 

fuhjlancc^  which   has   impenetrability^  extent^ 

Hff,  divifihiVtty^  barjnefs^  and  inertia  in  the  firll 

fC|  foi*  it's  character illic  properties :  a  clafs  of 

cings,  which  are  not  the  objeS  of  any  of  our  fiw 

nfcj,  except  by  this  property  of  motion^   w^hich  M 

perceived  by  us  when  it  is  communicated  to  matter; 

out  of  which  we  can  form  no  conceptioni  while 

J* c  have  oaly  our  jiw /dvi/?j,  or,  in  other  word:>, 

"phile  w*c  are  dcftitutc  of  a  fenfe  analogous  to  the 

iufc  of  motion. 

Neither  can  I  perceive  any  objedion  to  thia 

Dtiorii  a^  it  is  only  the  cxtcnfion  of  another^  that 

lit  in  the  fulled  and  moft  abfolutc  manner, 

fy,  that  the  firft  caufe  of  motion  neither  is  nor 

\'hi  in  matter ;  confcqucntly  motion  cannot  be 

JmitTcd  as  a  property  of  matter, 

Kordo  I  conceive  how  any  one  could  poflibly 

conceive  that  motion  was  efiential  to  matter!  How 

caa  ajiy  thing  which  has  degrees y  which  may  be 

divided  by  communication,  be  confidered  as  an 

ial  property?    If  fo,   all  rcafaning  on    thefe 

*^..j^cls  is  at  an  end.     That, and  that  only,  can  be 

termed  an  ejlential property^  which  is  infeparable, 

by  the    imagination,    from   the  fubjed:    to 

\\   it   \a  a!rributed*     Every  thing  elfc  is  only 
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1  fee  that  matter,  in  a  general  fenfe^  follows 
laws  cf  motion;  but   thenthefe  laws  belong  onl 
to  a  com?nun!Ci7ted  modtCicsition^  for  they  alfo 
be  communicated,  ^%hich  is  contmry  to  all  notions 
of  an  effential  or  primary  property.     I  feel  as  in- 
tuitively as  I  do  any  other  axiom,  that  matter  is 
ejfentially  impenetrahk^  extended^  figured,  divifiblc^ 
and  that  the  atoms  thereof  may  be  bard,  that  cvci  " 
particle  at  rcfl:  perfevercs  therein  till  fomethin| 
puts  it  in  motion.     But  I  perceive  alfo,  m  ith  t 
lame  degree  of  evidence,  that  the  idea  of  moth 
may  be  fcparated  from  that  of  matUr,  as  eafily 
that  of  any  other  evident  modi licat ion.     If  I  mu 
then  allow  that  motion  is  effential  to  matter,  il 
order  to  have  the  nature  of  man  and  the  univcrl 
explained  to  me,  I  would  rather  choofc  to  be  i 
norant.     And  I  exhort  you  to  avoid  fuch  inftru 
tors;  htowledge  you   cannot  obtain  from    thti 
Let  Dinarzadc,  in  the  Arabian  Tales,  amufe  her-» 
felf  with  fictions  :  but  do  you  feck  for  truth. 

Let  UK  proceed,  and  by  confideringone  oft 
known  laws  of  the  motions  which  prevail  in  t 
univerfe,  ue  fliall  perceive  what  further  fuppoli 
tions  arc  necellary  to  th^  propofition  we  are  com- 
bating. The  law  to  be  confidtred  is  that  of  ^rj- 
vity,  by  which  Newton  has  fprcad  fo  much  light 
over  the  phyfical  lyftem  of  the  univerfe*  Non^' 
among  pKiIofuphers  there  are  thofc  to  be  found, 
who  confidcr  gravity  as  an  cjfential  property  of 
matter.  We  will  endeavour  to  difcovcr  what  caa 
be  meant  by  fuch  a  (I  range  alTertion. 

Gravity  is  that  general  pbenomtKon,  or  that 
fazv,  in  the  operations  of  nature,  whereby  bodies 
approach  each  other;  and  which  atits  as  far  as  ob- 
fervationa  have  hitherto  determined,  in  /' 
ratio  of  the  majjes,  httt  inver/ely  as  the  Jj 
the  dfflanccs.  By  it  matter  is  grouped  into  mal 
ol  dirtcrcnt  kind5 ;  by  it,  and  a  fimple  reclilio< 
moi 
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Uien^  ^hich  is  perpetuated,  the  celeftial  orbs 
revolve  in  their  orbits*  This  is  the  law  that  feme 
'would  have  us  confidcr  as  an  ejfential  property  of 
taittr. 

But  who  can  conceive  that  a  body  can  aS 
hbere  it  is  not;  ad  without  any  thing  intermediate? 
jTo  fuppofc  that  two-diftant  bodies  Ihould,  without 
lie  aniflancc  of  any  intermediate  fubftance,  produce 
Jtion  in  each  other,  is  to  invert  matter  with  a 
)wer  of  beginning  motion  itfelf ;  a  pofition  Hilfe 
"  dangcrousj  and  which  has  been  turned  to  thr 
Jrpofcs  ofatheifm,  by  a  modern  philofopher  of 
ranee.  What  two  particles  of  matter  are  at 
loOjCOo  leagues,  or  at  the  i  oo,ooo,oooth  part  of 
an  inch  from  each  other,  without  any  matcriat 
communication  between  them  ;  and  yet,  on  account 
of  the  one  the  oih^r  h  move di  !  Again,  without 
any  thing  happening  to  one  of  the  particles,  let 
the  other  be  placed  at  half  the  diftancc  at  which 
""  was  before,  and  they  will  move  towards  each 
thzt four  times  quicker!  M*hat  magic  power  i<f- 
rmines  tbfm  ?  What  !  only  bccaufe  the  diftance 
llcflened,  which  is  a  mere  non-entity,  when  there 
no  intermediate  agent,  the  tendency  increafes, 
_rid  that  accurately  in  a  certain  ratio!  Let  us  fliut 
our  books  oi  fpecnlati-vc  pbilofophy,  if  they  all  hold 
this  language  ;  for  it  is  worfc  than  unintelligible. 

It  is  not  cafy  to  comprehend  how  thofe  philo- 
fophcrs,  M  ho  reje<ft  zfpirltual  principle,  an  imma^ 
rial  foul  in  man,  *'  becaufe  they  cannot  conceive 
it  a  reciprocal  acflion  can  take  place  between 
»o  fubllances  which  arc  not  of  the  fame  nature," 
ncverthelefs,  digeft,  and  allow  a  reciprocal 
ttion  between  the  particles  of  the  moon  and  thofc 
^l\ix:  earth,  without  any  thing  intermediate^  but 
magical  power  of  the  words,  gravity  //  an 
Vintial  property  of  matter. 
^  C  3  If 
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If  each  particle  of  matter  was  even  pofDflc(|H 
of  intelligence,  ajid  could  determine  itfelf  by 
motives,  fVill  it  would  be  ncceflary  to  infonn  them 
of  the  furrounding  bodies,  to  acquaint  them  with 
their  mafs,  their  relative  pofitions  and  diftances  j 
\i\  2L  word,  of  every  thing  that  caufcs  a  particle  to 
move  towards  a  certain  point,  with  a  certain  velo- 
city.— ^Who  are  the  aides  de  camp  that  give 
this  inforrnation?  For  foe h  there  mull  neceffarily^^ 
be.  *fl 

Till  there  has  been  a  fcrious  and  found  an- 
fwcr  given  to  this  qucftion,  conlider  gravity^  and 
in  general  whatever  e!fe  is  included  under  the  no- 
tions of  at  t  raff  ion  and  repuljlon^  onjy  as  appear* 
anccs  or  phenomena. 

It  was  thuii  they  were  confidered  by  that  grea| 
man  who  has  intruded  us.     Newton  never  cor 
fidered  gravity  or  it's  laws  but  as  fads.     He  ai^ 
ferts  clearly^  that  he  only  ufed  the  words  attract 
iion  and  rcpulfion,  to  exprefs  cfFecls  of  caufes  more 
remote,  which  general  effcils  explained  particula^f 
Subordinate  effcSs.     And  he  declared  at  the  fame 
time,  that  he  conceived  thefe  general  eficds  might 
be  produced  by  impuifion,  and  tried  to  explaic 
them  as  well  as  the  particular  atiraffions  and  rei 
ftilftous^  perceived  in  tertnjn  phenomen*\,  by  mear 
of  an  univerfal  elaftic  fluid,  that  he  called  ctherj 
afcending  always  to  a  caufe  foreign  to  matter^  fo 
a  firft  fource  of  motion. 

Remember,  that  though  it  may  be  difficult  t^ 
find  a  mechanical  cauje  of  gravity^  which  (hall  bj 
altogether  fatisfa^^lory,   it  is  not  difficult,  as  yoir 
have  fcen,  to  fiiew  the  abfolute  neceffity  for  fuch  ^^ 
caufe.  fl 

So  long  a§  you  keep  within  the  limits  q{  phy^^ 
ficst  }  ou  muft  account  for  the  motions  of  nature.  \ 
by  referring  them  to  mechanical  caufes  ;  and  wherH| 
^his  cannot  be  done,  you  muft  qpnfider  them  onljH 
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appearances,  till  you  fhall  have  fome  further 
light  by  experience*  Be  not  amufed  with  ftames 
and  qualities^  which  contradift  the  known  laws  of 
mcchanifm,  and  aje  ufcd  to  fuperfede  the  agency 
^  the  etepf^nis. 


Or  AjTR*.CTlON  AND  RwULSIOM. 


^™  The  uaiverfe  appears  to  be  one  great  ma- 
chine, fitted  and  cjifpofed  to  perform  all  the  ope- 
rations which  are  carried  on  throughout  the  whole. 
No  one  part  of  it  fhould  be  conlidcred  as  adting^ 
iiithout  being  adted  upon;  and  no  individual  can 

R>c confidered  as  an  agent,  without  being  a  patient, 
i  is  unphilofophical  to  fay,  matter  in  general,  or 
any  portion,  has  eflti>nal  or  feparate  propcnies.  By 
which  one  part  afls  upon  anoiher.  It  is  the  eflen- 
cial  property  of  no  one  wheel  in  at  fnachine  to 
move  it's  fellow,  though,  in  confequence  of  it's 
being  placed  \n  the  ftation  it  is  fitted  for,  it  ^ds 
upon  it's  fellow,  bccaufc  it  is  adted  upon. 

It  is  exactly  the  fame  with  the  whole  fyftcjn* 
of  nature.      You  cannot  take   up  any   parcel  of 
matter,  and  fay  thereof,  This  has  eOtrntial,  fepa- 
rate properties,!  uhich  empower  it  to  be  a  natural 
aitnt.     A  philofopher  fliould  confider  it  as  a  con- 
crete, with  a  certain  difpofition  of  it*s  parts,  lia^ 
blc  to  be  adled  upon  by  the  more  fubtil  parts  of 
the  machine.     And   it   may  as  juftly  be  aflertrd, 
t  it  is  the  effcntial  property  of  animal  fubftances 
live,  as  that  it  is  the  elTential  property  of  the 
foadilone  to  attraift. 

The  vifiblc  fyftem  of  this  w^orld,  created,  dif- 

pofed,  ancj  fet  in  motion  by  the  power  of  Goo^ 

a  machine  does,  a  connection  and  commu- 

Son  being  prefcrved  between  all  the  diftant 

rts.     And   you  will  find  a  mechanical  agency 

ikes  place,  to  produce  all  the  phenomena  that 

C  4  furround 
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furround  you,  and  is  concerned  in  the  formation, 
growth,  and  fupport  of  animals  and  vegetables : 
the  more  you  confider  and  obferve  the  whole  fyf- 
tem  of  nature,  the  more  clearly  you  will  perceive, 
that  impuljc  is  the  only  known  material  caufe  of 
motion. 

"l-'bere  are  appearances^  which  have  been 
haftily  confidered  as  fources  of  motion,  without 
any  adequate  caufe  ;  thefe  are  generally  known  by 
the  names  of  attra£fion  and  repulfion,  and  are  dif- 
tinguifticd  into  feveral  kinds ;  that  of  bodies  fal- 
ling to  the  earth,  is  called  the  attratiion  of  gravity^ 
or  fimpXy  gravity  ;  that  of  the  fmall  parts  of  bodies 
to  each  other,  is  called  the  attra£fion  of  cobefion^ 
and  fo  of  other  fpecies. 

Here  I  muft  again  caution  you  not  to  let 
words  fupply  the  place  of  real  agents,  or  caufes^ 
where  no  caufes  have  been  dif covered.  Names  may 
be  ufcd,  as  exprelfive  of  appearances^  or  to  diflin- 
guifli  one  appearance  from  another,  but  no  fur- 
ther ;  thus  the  motion  of  fmall  bodies  approaching 
each  other,  as  that  of  iron  to  the  magnet,  or  that 
of  bodies  falling  to  the  earth,  may  with  propriety 
be  diftinguiflied  from  each  other,  by  peculiar 
names,  as  magnetic  attradion,  attraction  of  gra- 
vity, &c.  &c.  But  if  you  ufe  thefe  words  for  an- 
other purpofe,  and  fay,  attraSion  is  the  caufe  of 
cohefion,  the  ufe  is  perverted,  and  becomes  very 
exceptionable ;  they  are  then  no  longer  the  names 
of  things  perceived,  of  faifs,  but  they  become 
names  of  imaginary  and  unknozvn  things. 

Thus,  when  it  is  faid,  that  the  parts  of  bodies 
cohere  by  attradlion,  what  idea  have  you  of  the 
thing  fignified  by  the  word  attradion  ?  If  you  fay, 
bodies  dcfcend  to  the  earth  by  their. gravity,  what 
idea  have  you  of  this  gravity  ?  If  you  fay^  they  gra^- 
vitate  by  attradion,  what  do  you  mean  by  the  wor4 
attradion  different  from  the  faft  ? 

Wc 
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We  are  under  a  neceflity  of  giving  a  name  to 
every  known  fad:,  whether  caufe  or  effeft  ;  but  wc 
ought  not  to  give  a  name  to  a  caufe,  while  it  is 
unknown;  for  this  would  be  to  ufe  words  without 
ideas,  to  perplex  the  mind,  and  to  retard  the  pro- 
grefs  of  knowledge,  by  fubftituting  an  appearance 
for  a  reality. 

If  you  examine  the  writers  on  this  part  of 
philofophy,  you  will  find  their  notions  vague, 
crude,  and  contradictory ;  fometimes  the  word 
attraction  has  no  fixed  meaning;  fometimes  it  is 
caufe,  fometimes  eftcd;  you  will  find  their  an- 
fwers  to  every  queftion  concerning  it  unfatisfac- 
tory.  If  you  alk,  where  attraction  is  feated,  for 
inftance,  whether  it  be  in  the  earth,  or  in  theftone 
that  falls  down  to  it,  or  in  both,  or  in  neither,  but 
in  fome  fubftance  exterior  to  both,  you  can  obtain 
no  anfwer.  If  you  inquire,  whether  it  be  a  material 
or  an  immaterial  force,  you  ar^  ftill  left  in  the  dark. 

Many  and  greater  are  the  difficulties  and  ob- 
jecElions  behind  againft  the  ufe  of  this  word ;  but 
for  a  full  account  of  thefe,  and  of  the  contradic- 
tory manner  in  which  it  has  been  ufed  by  various 
writers,  I  muft  refer  you  to  the  Rev.  Mr.  William 
Jones's  *^  ElTay  on  the  Firft  Principles  of  Natural 
Philofophy,"  and  fhall  only  give  you  fome  in- 
flances  where  it  has  been  applied  improperly  to 
explain  phenomena. 

Aqua  fortis  will  diflblve  iron.  If  you  alk 
why  ?  the  anfwer  is  ready,  becaufe  the  particles  of 
iron  are  more  attraditcd  by  thofe  of  aqua  fortis, 
than  cither  the  particles  of  iron  are  by  each  other, 
or  the  particles  of  aqua  fortis  by  each  other.  By 
this  attraction,  the  particles  of  iron  and  aqua  for- 
tis are  feparated  from  each  other,  and  by  the  fame 
attrav^ion  they  are  mixed  and  blended  together. 

But  then,  this  aqua  fortis  will  not  diflblve 
geld ;  but  why  ?  The  anfwer   is  ready,  for  zvcrJs 

are 
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are  cafily  put  together.  There  is  no  attradion  be- 
tween gold  and  aqua  fortis.  If  you  aik,  why  aqua 
fortis,  which  will  not  diflblve  gold,  will  diflblve 
filvcr  ?  the  anfwcr  is  ready,  and  the  fame  as  be- 
fore ;  aqua  fortis  cither  docs  not  attract  gold  at 
all,  or  clfc  the  nuitu^l  attradion  of  the  particles 
/of  gold  amongil  one  another,  is  greater  than  the 
force  with  which  they  arc  attracted  by  the  aqu^ 
fortis.  Afk  again,  why  aqua  regia,  which  will 
diffolve  gold,  docs  not  diflblve  filver  ?  you  are 
again  anlvered,  that  aqua  rcgia  attra^s  golid>  but 
does  not  attraft  filver. 

To  evince  howunfatisfadory  a  method  this  is,  of 
accounting  for  diflfolution,  you  need  only  afk  thofe 
who  maintain  it,  what  they  me^n  by  the  word 
attraHfon?  Put  the  word  drawing  inftead  of  it, 
pnd  you  will  find  w  hat  they  fay  may  amufe  but  not 
jnftrudt.  'thus  inquire  why  aqua  fortis  diflTolve^ 
iron,  or  draws  the  particles  of  a  piafs  of  iron 
fifunder.  You  are  anfwered,  becaufc  aqua  fortis 
attrac9:s  them  more  than  they  are  attraded  by  each 
ether,  which  is  juft  the  fame  as.  to  fay,  that  aqujj 
fortis  draws  them  afunder  with  a  greater  force 
than  they  draw  one  another.  Now,  this  is  only  to 
ajjign  tbefaSi  (phenomenon)  as  a  re  a/on  for  ujelf; 
it  is  faying,  aqua  fortis  will  draw  iron  afunder^^ 
becaufe  it  has  a  fufficient  force  to  draw  it  afun- 
der. This  account  is  therefore  very  unfatisfac- 
tory ;  for  I  wanted  not  to  be  informed  that  aqua 
ifortis  has  fuch  a  force,  for  that  my  fenfes  ih- 
formed  me ;  I  wanted  not  a  name  for  a  fadl ;  I 
wanted  to  know  what  the  force  is  by  which  the 
jefFed  is  produced. 

It  might  be  inquired  what  atradion  this  i$ 
which  diflTolves  hard  bodies  in  fluids  ?  Is  it  the  at- 
tradion  of  cohcfion?  If  they  fay  no,  but  quite  ^ 
diflerent  fpecies ;  I  do  not  fee  how  they  get  rid  of 
the  charge  of  intfoducing  fo  niany  different  at- 

tradions 
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|ra<5lions  into  nature,  and  thereby  rendering  theif 
explanations  no  better  than  the  Arijiotelian  one, 
by  occult  qualities^  infcrutable  principles^  indeier^ 
minate  powers.  If  they  fay,  by  the  attraftion  of 
cohefion;  they  are  evidently  miftaken,  for  the 
bodiesdo  not  cohere  fo  ftrongly  as  before.  And  it 
may  be  here  obferved,  to  the  credit  ofAriftolle,^n(^ 
his  numerous  followers,  that  though  they  fuppliec| 
their  ignorance  by  terms  of  art,  yet  they  never 
aflumed  any  previous  maxim,  which,  while  re- 
ceived, entirely  prevented  difcovering  the  falfity 
and  abfurdity  of  their  occult  qualities. 

Lord  Bacon  confidered  all  nature  ''  2ls  filled  with 
zr\  atrial  or/^Vry  nature,"  and  denied  that  the  pores 
or  cavities  of  tangible  bodies  admit  of  ^  vacuum^ 
but  that  they  contain  either  air  or  a  fubtil  fpirit 
proper  to  their  nature  and  difpofition.     He  treats 
this  fpirit  as  a  material  caufe,  rejefting  all  folu- 
tions  as  pretended^  unmeaning^  and  iinphilojophical^ 
which  are  deduced  from  virtues  and  qualities  iri 
matter,  with  which  the  fchools  in  his  times  did 
very  much  abound.     *'  Whatfoever  is  invifible,** 
fays  he,  "  either  in  refpect  qf  the  fiaenefs  of  the 
•  body  itfelf,  or  the  fnriallnefs  of  the  parts,  is  but; 
little  inquired  ;  and  yet  thefe  be  the  things  that 
GOVERN  NATURE  principally,   and   withou^f 
vhich  you  cannot  make  a  true  analyfis  and  indi- 
cation of  her /)ror^^^/;/^j'.     The  fpirits  ox  pneuma^ 
t'nals  that  are  in  all  tangible  bodies,  are  fcarcc 
known ;  fometimes  they  take  them  for  a  vacuum^ 
whereas  they  are  the  mod  active  of  bodies ;  fome- 
times they  take  them  for  air,  from  which  they 
differ  as   much  as   wine  from  water;  fometimes 
they  will  have  them  to  be  natural  heat^  whereas 
fome  of  them  are  cold ;  and  fometimes  they  will 
have  them  to  be  the  virtues  and  qualities  of  tan- 
gible parts  which  they  fee,  whereas  they  are  things 
^y  thcmfelves]  and  wjien  they  come  to  plants  and 

living 
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living  creatures,  they  call  them  fouls;  and  fuch  fu^ 
perficial  fpeculations  they  have;  like  profpedivcs 
that  fhew  things  inward,  when  they  are  but  paint- 
ings. Neither  is  this  a  qiiejiion  of  words  ^  but  in- 
finitely material  in  nature.  As  to  the  motions 
corporal  within  the  inclofures  of  bodies,  whereby 
the  r£'ens  pafs  betv\  cen  ih^fpirits  and  the  tangible 
parts^  which  are  rarifadion,  colliquation,  concoc- 
tion, maturation,  &c.  they  are  not  at  all  handled,  but 
they  are  put  off  by  the  namts  of  virtues  and  nature^ 
&c.  and  fuch  other  words." 

Thi$  reafoning  will  be  iiluftrated  by  confi- 
dcring  another  inftance,  where  the  word  attra£fion 
and  it's  magic  powers  have  been  fubftituted  in  the 
room  of  the  true  agents  to  explain  effedls ;  thus 
leading  men  to  conceive  falfely  of  nature,  and  to 
affirm  what  is  contrary  to  experience.* 

Immerge  a  glafs  tube  into  water,  or  any  other 
fluid  except  mercury,  the  fluid  will  be  raifed  to  a 
certain  height  within  the  tube  above  the  furface 
of  the  fluid  in  the  vciul,  and  it's  elevation  in  fc- 
veral  tubes  of  dift'crcnt  lizcs  will  be  reciprocally  as 
the  diameters  of  their  bores. 

The  fluid  is  faid  to  be  drawn  up  by  i  tendency 
it  has  from  the  principle  of  attraction,  till  the  fur- 
face  is  loaded  with  as  great  a  weight  as  that  ten- 
dency can  fupport ;  from  hence  we  are  told,  that 
a  right  notion  is  oltained  of  the  afcent  of  fap  in 
vegetables. 

If  the  fap  afcends  in  vegetables  on  the  fame 
principles  that  water  rifes  in  a  capillary  tube,  in 
thofe  of  the  fame  diameter,  the  fap  {hould  be 
raifed  to  the  fame  height,  but  no  higher.  Now, 
take  one,  for  inltance,  in  which  water  will  be  raifed 
fjco  inches :  in  a  tube  of  a  pl.mt  a  heavy  vifcous 

juice 

*  Jones's  Pinfay  on  il:c  Firft  Principles  of  Natural  Philofophy, 
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XKc  Vkill  ifllie  plentifully  at  the  height  of  twa 

'    'ut  from  vcHcIh  confidcrably  larger  thaa 

(if  a  ciipillary  tube. 

The  fame  quantity  of  liquor  will  hQ/ufpended 

capillary*  tube,  when  it's  lower  orifice  is  lifted 

^ if  the  water,  a&  was  raifed  in  it  while  im- 

ficrfcd  under  the  furface.     If  the  fap  afcended  in 
'  ':  on  the  fame  principle,  it  ought  rore- 

,    and    be  fuftained    by    the  attracUvc 

power  oi  the  velFcls,  w  hen  the  oriiices  of  them  arc 

cxpofed  to  the  air.     The  contrary  appears  front 

experiment*    If  a  branch  of  the  hlnb  be  taken  off, 

or  a  younfjT  tree  be  cut  away,  and  held  in  the  fame 

perpendicular  poOure  in  which  it  grew,  the  vcflcU 

will  bleed  copioufly  from  the  bottom,  as  when  Jt 

Bimb  is  cut  off  from  an  animal ;  and  the  like  will 

Ikappcn  to  many  other  plants.     Again,  water  will 

Biever  run  out  at  the  upper  orifice  of  a  capillary 

Kube,  be  it  ever  fo  fliort ;  but  the  flump  of  a  vine 

^ill  fend  up  it*s  fip  into  a  tube  cemented  upon  it 

lo  ihc  hei|[Tht  of  20  feet  and  upwards  ;  the  juices 

ftirr  nut  re  atirancd  by  the  plant,  but  forci- 

Rily  convi^v..x .;  mto  it's  veflels. 

In  a  capillary  tube  it  makes  no  difierence 
uhether  there  is  air  on  the  furfiice  of  the  water  or 
^o^  for  the  experiment  will  fucceedequully  well  in 
K^tfrjia :  but  it  h  not  fo  w  ith  the  vegetable  ;  no 
■plant  will  take  up  it's  nouriflim^nt,  no  feed  will 
P^cnninate^  as  long  as  the  air  isubf.nt. 

The  capillary  tube  will  not  raife  water  to  a 
■greater  height  at  one  part  of  the  year  than  at  ano- 
Kher;  but  the  rays  of  the  fun,  or  the  heat  of  aa 
Hitificidl  fire,  arc  fo  necelTIiry  to  the  growth  of 
W\  rhat  in  their  fcafon  for  taking  fap,  in  their 

\i: ,   and   in    their  other   qualities,   they  arc 

^^holly  influenced  by  the  fun*s  heat.     When  thq 
■un  ii  at  i  "  >  exaltation  in  fummcr,  the 

■|hok  vc^^  oi\  is   in  \V^  grcatell  glory 

^H   ~  and 
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Sink  a  piece  of  metal  in  the  center  of  th6 
veflel,  fo  that  the  top  thereof  may  be  above  the 
furface  of  the  water  ;  the  cork  placed  at  a  proper 
diftance  wHl  approach  the  piece  of  metal. 

Raife  the  water  until  the  metal  is  covered, 
and  the  cork  will  remain  at  rell  at  any  diftance 
from  the  metal. 

In  all  thefe  experiments,  except  the  third, 
the  water  which  furrounds  the  balls  is  elevated, 
as  is  alfo  the  water  by  the  fide  of  the  containing 
veflel. 

Pieces  of  dry  cork,  or  painted  balls,  placed 
gently  on  water  and  near  together,  will  approach 
each  other ;  but  if  one  be  placed  near  the  fide  of 
the  containing  veflel,  adjoining  to  which  the  wa- 
ter is  elevated,  it  w  ill  recede* 

That  thefe  phenomena  do  not  depend  on  at- 
traftion,  is  clear,  i.  Becaufe  in  the  third  experi- 
ment they  recede  from  the  fide  to  which  they  ad- 
hered in  the  firft.  2.  Becaufe  the  balls,  around 
which  the  fluid  is  deprefled,  qniverfally  recede 
from  thofc  around  which  it  is  elevated.  3.  Be- 
caufe they  are  not  attrafted  by  bodies  exceedingly 
near,  when  thofe  bodies  are  perfedly  covered  with 
water.  4.  Becaufe  afllgning  attradion  as  a  cau/e 
is  contrary  to  all  found  reafoning  in  phyfics. 

It  is  no  doubt  better  with  Mr.  Banks,  s' Graven 
fande^  &c.  to  explain  thefe  phenomena  on  hydra" 
Jlatical  principles.     Evifry   body  that  fwims  im- 
prefles  the  fluid  with  a  force  equal  to  it's  own 
■weight ;  the  fluid  re-acfls,  andprefles  the  fupported 
body  with  the  fame  force ;  the  fides  of  the  body 
are  alfo   prefled   by  the  furrounding   fluid  with 
forces  which  are  as  the  depth.     If  the  encompaf- 
fing  water  be  elevated  round  the  body,  the  preC- 
furc  will  ftill  be  the  fame,  or  equal  on  oppofite 
fides,  fo  that  ^\ithout  force  the  body  cannot  move^ 
but  if  it  be  placed  fo  near  the  fide,  that  it's  ele- 
vated 
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Vatcii  ^ater  joins,  the  water  elevated  at  the  fide  ot* 
the  vcfiel  or  by  another  ball,  the  prcffurc  on  that 
fide  is  diminiliied,  while  that  on  the  other  fide, 
Tcnuining  the  fame^  will  caufe  it  to  approach  the 
fide  or  other  ball. 

In  the  fame  manner,  if  the  fluid  be  depreffed 
%hen  the  cavities  meet^  the  prclTure  on  that  fide 
Dkill  be  diminilhcd,  and  the  bodies  of  confequencC 
approach  each  other  on  the  fide  of  the  vcfTcl.* 

The  recefsin  the  third  experiment  arifis  from 
the  prefllirc  being  fuperior  on  that  fide  next  the 
glafs,  Mhcn  the  fluid  is  elevated  above  it^  and  the 
elevation  round  the  ball  joins  the  declining  fur- 
ficc  near  the  edge  i  for  when  the  elevated  fluid 
krrounding  the  ball,  is  caufcd  to  join  the  declining 
krlace  of  the  fupporting  fluid,  it  mull  then  gravi- 
tate and  prefs  in  all  directions  with  more  force,  as 
there  is  more  of  it  elevated  above  the  furface  of 
thcfupporting  water.f 

In  rhefe  cafes  J  the  attradion  and  repiilfion  is 
accounted  for  by  the  aftion  of  intervening  jiuids* 
Perhaps  the  elafticity  of  the  air,  ele^^iricity,  and  all 
other  elaftic  fluids,  may  be  explained  in  the  fame 
manner,  that  is,  by  fuppofing  the  mixture  of  a 
fyftcm  of  fluids^  fome  of  which  are  capable  of  per- 
meating glafs  and  other  folids,  as  light,  fire,  nuig- 
nciifm^  &c*  fo  that  when  air,  for  inllance,  is  con- 
dcnfcd  in  a  veflcl,  the  finer  fluids  are  forced  through 
the  fides,  and  fufl'er  the  particles  of  air  to  approach 
Rearer  together* 

Or. 


•  WKcti  the  circles  of  furrfjundlng  Water  meet,  ilic  prcRure 
0(1  the  exterior  tides  forces  them  to  form  one  cirdr^  as  two  bub- 
Uei  or  drtTDS  of  w#ter  unite  and  form  one  larger,  and  thus  bringa 
tWcofkSf  ic.  logeihcr* 

t  If  one  cork  ralfcs,  and  the  other  dcprefTcs  ihe  water,  the 
walcr,  i'ti  eodcavounng  to  rcHorc  ihc  level,  comes  bctv^eenamd 
pulhc*  them  afunder, 

\  Bennet,  Manchcflcr  Tranrdflions^  toU  Ui.  p.  1 23. 

Vot.  111.  D 


36     Lectures  01*  Natural  Thilosopht. 

gethcr^  as  in  the  cafe  of  this  extraordinary  co* 
lumn.<  - 

When  the  tube  is  open  »t  Doth  enxls,  and  the 
atmofphere  has  accefs  to  each,  the  air  then  a<fts 
againft  itfelf,  and  the  mercury  falls  by  it's  gravity 
into  the  ciftern^ 

When  the  upper  end  is  ck>fed,  the  air  thea 
ads  at  one  end  and  not  at  the  other ;  and  this^  is 
the  i^eafon  why  the  mercury  is  fuftained  in  the 
tube  till  it  is  a  counterpoife  ta  the  atmofphere. 

On  the  fame  principle  you  n^  account  for 
the  higher  or  longer  column.  When  the  more 
fubtil  medium  which  can  penetrate  the  mercury 
has  poffeflion  of  the  top  of  the  cavity  in  the  upper 
part  of  the  tube,  it  aiits  at  each  end ;  and  being 
thus  a  countcr-ballance  to  itfelf,  nothing  remains 
but  the  prcffure  of  the  air,  which  fupports  a  co*- 
lumn  equal  in  weight  to  itfelf. 

But  when  that  medium  is  excluded  at  top  by 
the  perfcd  contact  between  the  mercury  and  the 
glafs,  and  cannot  pafs  readily  through  the  fubftance 
of  the  glafs>  it  adts  only  on  the  open  end  ia  conjunc- 
tion with  the  air,  and  thus  produces  a  much  greatef 
cftcA  of  the  fame  kind  than  the  air  can  do  when  . 
it  ads  by  itfelf. 

Thus  the  extraordinary  column  is  found  tQ 
ad  on  the  fa-rae  principle  with  the  ordinary  co- 
lumn, the  one  being  from  the  prclFure  of  thjc  air 
only,  the  othe*  from  the  prelfure  of  air  and  lire 
together;  as  they  are  fuftained  on  the  fame  prin- 
ciple, fo  do  they  alfo  fall  or  fublide  on  the  fame 
principle.  If  air  infinuates  itfelf  at  the  lower, 
and  open  end  of  the  tube,  it  afcends  to  the 
top,  and  by  it's  elafticity  and  expanfion  dcpreffes 
the  mercury  ;  if  more  enters,  it  is  moredepreilcd; 
if  a  continual  ftrcam  of  air  is  admitted,  it  kecp^ 

».  afccnding 
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afrcnding  to  the  top  till  it  has  expelled  the  mer- 
cury. 

Now  this  is  what  a<5laaMy  happens  in  the 
ether  cafe,  for  when  once  the  more  fiibtil  clement 
is  admitted  to  the  top  by  reafon  of  the  fmalleft  fc- 
paration  of  the  mercury  from  tHc  glafs,  it  follows 
rapidly  in  a  ftream  till  it  hss  got  full  poffcflion, 
and  reduced  the  column  to  a  counterpoifc  with 
common  air.  To  prevent  this,  it  is  neceflary  thai 
thcconta<5t  mull  be  rendered  as  abfolute  as  poffiblc 
by  thoroughly  purging  the  mercury  from  it's  air. 

This  experiment  puts  us  in  poflelfion  of  aprin^ 
ciple,  which  in  it's  application  will  be  found  al- 
moll  as  extenfive  as  philofi3phy  itfelf.  The  pref- 
ftire  of  the  atmofphere,  as  demonflrated  and  ex- 
plained by  the  torriccllian  tube,  enables  you  to  give 
t  fatisfadory  account  of  many  phenomena,  about 
which  words  had  been  multiplied  for  ages  to  little 
purpolc.  Here  we  have  ano&her  force  which 
comes  ia  to  our  aid,and  will  carry  us  through  higher 
aid  more  fubtii  phenomena,  where  air  is  inade- 
quate; cohelion  with  fuch  a  medium  as  this  is  no 
longer  difficult ;  and  as  to  gravity,*  if  a  column  of 
fo  great  a  weight  does  not  fall  becaufe  the  mediun^ 
i«  not  admitted  to  fetch  it  down,  I  can  fee  no  dif- 
ference between  that  and  the  caufe  of  gravity. 

Or  Gravity  considered  as  a  Fact. 

Gravity  is  that  force  by  which  all  bodies, 
"^hcn  left  to  themfelvcs,  fall  towards  the  furfacc 
of  the  earth. 

The  fame  force  which  caufcs  them  to  fall 
*^hcnthey  axe  not  fupported,  caufcs  them  to  prefs 

D  3  on 

.  •  Seethe  fcntimcntsof  Mr.  Huygens,  Dr.  Wallis,  and  Dr. 
y^l%  Phil.  Tranf,  abridged  by  Lowthorp,  vol.  ii.  p.  25,  &a 
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on  thofe  obftaclrs  >vhich  retain  and  prevent  them 
from  falling;  tiius  a  ftone  v/cighs  or  prelTes  on  the 
hand  w  hich  fupports  it,  and  falls  in  a  line  perpen-r 
dicular  ito  the  hprizon  as  foon  as  the  hand  lets 
it  go. 

It  was  always  known  that  bodies  left  to  them- 
f(?lves  defccndcd  towards  the  earth,  and  preffcd  the 
hand  which  prevented  them  from  falling ;  but  as 
there  were  fome  bodies  whofe  weight  was  fcarco 
fcnfible,  and  which  rofe  in  the  air,  as,  feathers^, 
fmo}ie,  flame,  exhalations,  &c.  Ariftotlc  faid  thj^r 
there  were  two  kinds  of  appetence  {app€tentia} 
poireflcd  by  different  bodies,  one  by  which  they 
tended  to  the  center  of  the  earth,  which  he  fup- 
pofcd.  to  be  the  center  of  the  univerfe,  the  other 
by  which  certain  bodies,  were  driven  from  this 
center. 

Arifiotle  taught  alfb,  that  all  bodies  fell  indif* 
fcrent  mediums  with  velocities  proportional  to 
their  maffcs ;  but  Galileo  ftiewcd,  that  the  refift- 
ance  of  the  mediums  was  the  only  caufe  of  any: 
difference  in  the  defcent  of  bodies,  and  that  in  an 
unrejifting  medium  all  todies  would,  defcend  with 
the  fame  velocity  In  the  air  indeed  a  piece  of  lead 
will  fall  fafter  than  a  feather,  but  this  is  owing  tQ. 
the  refinance  they  meet  with  from  the  air ;  for  \r\ 
an  exhaufted  receiver,  you  have  feen,  that  if  they 
are  both  let  fall  from  the  top  at  the  fame  inftant, 
they  will  both  come  to  the  bottom  together,  an4 
having  fallen  from  the  fame  height  in  the  fame 
time^  they  mull  have  moved  with  equal  velocities  3 
confequently  the  forces  whereby  bodies  defcend, 
muft,  at  equal  diftances  from  the  earth,  be  as  the 
quantities  of  j^onderable  particles  in  the  defcend- 
ing  bodies,  tor  if  a  certain  force  be  neceflary  to 
carry  down  a  certain  quantity  of  matter  with  a 
certain  fwiftnefs,  then  double^  the  force  will  be  re- 
quired 
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bkcfl  to  carry  down  double  the  quantity  of  gravi- 

r  uith  the  fame  velocity,  and  a  triple 

:  ,...y  down  a  triple  quantity  of  matter;  fo 

bat  the  weights  of  different  bodies  at  equal  dif- 

Inccs  froni  the  center  of  the  earth,  or  the  forces 

^kh  which  ihcy  dcfccnci  freely,  or  endeavour  to 

ccnd,  arc  to  each  other  iis  their  quantities  of 

'fon^UralU  matter. 

That  ibc  gravity  (^  lodies  is  proporihnal  H 
\hiir  ijuaniities  of  gravitating  matter^  and  does  7Wt 
figure  cr  the  texture  of  tbeir  parts^ 
:_  ._  a  experiments  on  the  motion  of 
ndulums:  for  when  the  lengths  of  the  pcndu- 
tims  are  equal,  todies  of  very  difTerent  bulks,  and 
iiffcrcnc  internal  and  cxterna^i  texJ:ure,  perform 
cir  vibratioiis  in  times  exad^ly  equal  in  equal 
>tc  together^  and  acquiring 
.^..  ..  at  the  corrcfponding  points 

rhofc  arcs,  unlcfs  fo  far  as  the  reiiftancc  of  the 
St  may  afl  upon  them  unequally. 

Now  the  quantity  of  nation  in  each  is  the 

duel  of  it's  weight  by  it's  velocity  ;  and  as  the 

*     ''         it  \^  ill  be  in  proportion  to  the 

U  ^  Jig  matter  in  each.     But  the 

it  producing  motion  is  in  proportion  to  the 

y  ^:iccd;Coafequcntlygravityj 

h  ^  ^,  force,  acts  in  proportion 

i  the  quantities  of  gravitating  matter. 

The  force  of  gravity  above  the  fur  face  of  the 
decrcaiVs  in  the  fame  proportion  that  the 
of  the  iUfta;^ces  from  the  center  incrcafes; 
►that  ifai?ody*  at  thcfurfacc  of  the  earth,  (which 
[4009  miles  diftant  from  the  center,)  weighs  4 
blinds,  and  falls  through  16  feet  in  a  fecond  of 
^nie, it  will  at  double  that  diftancc  weigh  but  one 
J^ind,  and  will  fall  through  but  4  feet  in  a  fecond 
itimc, 

D  +  The 
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The  force  of  gravity,  when  confidcrcd  as 
adling  differently  on  bodies  at  different  diftanccs 
from  the  center,  is  called  the  accelerating  force, 
and  is  meafured  by  the  velocity  it  is  able  to  gene- 
rate in  a  given  time. 

Though  gravity,  ftridlly  fpeaking,  decrcafe$ 
jn  the  manner  above-mentioned,  yet,  where  the 
diftances  from  the  earth's  furface  arc  inconfider- 
;ible  compared  with  the  earth's  radius,  the  force  of 
gravity  may  be  confidered  as  equal  at  all  fuch  dif- 
tanccs. Thus,  for  inftance,  the  gravity  of  a  body 
at  the  diftance  of  half  a  mile  from  the  earth,  may 
be  confidered  as  equal  to  the  gravity  thereof  at  the 
.diftance  of  a  quarter  of  a  mile,  or  at  the  furface  it^ 
felf;  for  the  difference  is  fo  fmall,  that  if  it  be  re- 
Jedled,  it  will  not  occafion  any  error  in  the  cajcu^ 
lations. 

Gravity  does  not  vary  ;  it  aHs  equally  on  all 
bodies  at  all  ///;/rj,  whether  they  be  in  motion  or  at 
reft,  and  thus  uniformly  accelerates  the  motion  of 
a  falling  body;  that  is,  the  velocity  thereof  will 
be  incrcafcd,  and  the  increments  will  be  equal  \i\ 
equal  times. 

A  few  confidcrations  will  fhew  you,  that  ^ 
force  conftantly  and  equally  arting,  will  produce 
an  uniform  acceleration  of  velocity;  for  if  you  fupr 
pofe  the  time  of  defcent  to  be  divided  intoa  num-* 
ber  of  equal  parts  indefinitely  fmall,  in  each  of 
thefe,  gravity  muft  make  equal  impreflions  on  the 
body  to  carry  it  downwards,  and  muft  confequent- 
ly  by  each  impulfc  generate  a  velocity  in  the  falling 
body  equal  to  the  former.  Now  as  ail  the  velocities 
are  in  the  fame  diredion,  the  laft  acquired  miift 
be  ftill  added  to  the  former;  that  is,  the  velo- 
city given  in  the  firft  portion  of  time,  will  be 
doubled  in  the  fecond,  tripled  in  the  third,  quad- 
rupled in  the  fourth,  and  fb  on  continually  through 
the  fcveral  portions  of  time ;  and  therefore  the 
velocity  0^  the  body  will  be  uniformly  accclers^ted. 

Tq 
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To  be  a  little  more  panicular,  let  us  fuppofc 
a  brc!    ^    -'ns  to  move  with  a  velocity   conftant 
i-and  ily    increafing,    in  fuch   a  manner  as 

jfoald  carry  it  through  a  mile  in  a  minute;  at  the 
nd  of  this  fpace,  it  will  have  acquireil  a  velocity 
Icient  to  carry  it  through  two  miles  the  next  mi* 
Lite,  though  a  (hould  then  receive  no  new  im- 
^U'c  frof:^  the  caufc  by  which  it  was  accelerated: 
jt  if  the  fame  accelerating  caufc  continucF,  it 
Ml    carry   the  body  a  mile  farther;   on  which 
rcounc  it  will  have  run  through  four  miles  at  the 
id  of  two  mmuies;  and  then  it  will  have  ac- 
|liircd  fuch  velocityj  as  is  fufficient   to  carry    it 
)rough  a  double  fpace  in  as  much  more  time^  or 
Ight    miles   in    two  minutes,  even   though  the 
Lcelcntmg  force  Ihould  adft  upon  it  no  more. 
But  this  force  ftill  continuing  to  operate  in 
an  uniform  mmner,  will  again,  in  an  equal  time, 
produce  an  equal  ilTe^ft ;  and   fo  by  carrying  it  a 
lilc  further,  caufe  it  to  move  through  five  miles 
ilhc  third  minute,  for  the  velocity  already  ac- 
quired, and  the  velocity  ftill  acquiring,  will  each 
ivc  it's  complete  cflci^L 

prom  hence  we  learn,  that  if  the  body  fliould 
one  mile  the  firrt  minute,  it  will  move  three 
the  fecond  minute,  five  the  third,  feven  the 
^urthj  nine  the  fifth,  and  fo  on  in  proportion^ 

:  the  fpaces  dcfcribcd  by  an  uniformly 

"Cc  motion,  are  always  as  the  odd  num* 

^^  h  3^  S*  ?•  ^^'  ^^^  confequcntly  the  whole 

arc  as  the  fquarcs  of  the  times,  or  of  the 

uired  velocities :   for  the  continued  addi- 

in  of  the  odd  number:*  yields  the  fquares  of  all 

imbers  from  unity  upwards.     Thus  i  is  the  firft 

Id  number,  and   i  is  the  fquare  of  one;  3,  the 

txt  number  added  to  r,  makes  4,  which  is  the 

luare  of  2  ;  five  added  to  four  makes  9,  the  fquare 


three,  and  fo  on  for  ever. 


Now  the  ihiu's  and 
velociiki 
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Velocities  protecd  evenly  and  conftarttly^  as  r,  2, 
3,  4,  &c.  Dui  iht /paces  defcfibtd  in  each,  as  i,  3; 
5,  7,  &:c.;  it  therefore  follows^  that  the  fpacics  dd- 
fcribed 

In  I  minuet  will  be  -  •  ,-  i  equal  fquarc  of  i 
In  2  rhirtutcs  -  -  -i-J-'j--  -2 
Jn  3  minutes  -  -  iJ^^^S  --  -3 
In4n1inut.cs      -     I  ^3  ^5^7     -       -     ^     ^ 

Wherefore  thd  fpaccs  dcfcribed  id  diflfererit  times 
by  a  falling  body,  ai'c  to  each  other  as  the  fquares 
of  the  times  from  the  beginning  of  the  fall^  or  a-s 
the  fquares  of  the  velocities  acquired  at  the  cndt 
of  thofe  tiniies. 

As  the  motion  of  a  body  falling  from  a  ftatcof 
reft  is  uniforrhly  accelerated,  fo  likewifc  the  mo- 
tion of  a  body  thi-own  directly  upwards  is  urii- 
forrnly  retarded ;  for  the  fame  force  of  gravity, 
which  confpires  with  the*  mbtion  of  a  falling  body, 
a^s  in  direct  oppolition  to  the  motion  of  fuch  a$ 
afccnd;  therefore  it'wiTl  retard  the  one  iii  the  famQ 
manner  that  it  accelerated  the  otlicr. 

Whence  it  follows,  that  a  body  thrown  di-- 
rec5tly  upwards,  will  continue  to  afccnJ  for  a  time, 
equal  to  that  in  which,.by  falling  from  a  (late  of 
reft,  it  wouTd' acquire  the  fame  velocity  with  which 
It  was  thrown  up.  For  lince  the  action  of  gravity 
is  conftant  and  uniform,  in  whatever  time  it  gene- 
rates any  velocity  in  a  falling  body,  in  the  very 
fame  time  it  mull  dcftroy  that  velocity  in  a  rifing 
body. 

Hence,  if  a  body  be  thrown  directly  upwards 
with  a  velocity  equal  to  that  which  it  acquired  by 
falling  from  any  height,  it  will  afcend  to  the  fame 
height  before  it  lofcs  all  it's  velocity. 

To  determine  the  abfolute  force  of  gravity 
at  the  furface  of  the  earth,  it  is  neceflary  to  know 

through 
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rhrough  what  fpr.cc  a  body  will  fall  in  a  given 
time;  and  by  very  accurate  experiments  on  the 
pendulum,  it  is  found,  that  a  body  near  the  fur- 
face  of  the  earth,  falling  from  a  ftate  of  reft,  will 
defcend  through  the  fpace  of  about  193  inches  in  a 
fccond  of  time  ;  confequently  the  force  of  gravity 
afting  on  a  body  only  for  one  fecond  of  time,  will 
give  it  fuch  a  velocity,  as  being  continued  uni- 
form, would  carry  it  through  32  feet  2  inches  in  one 
fecond,  or  through  very  near  22  miles  in  an  hour. 

Here,  however,  I  muft  obferve  to  you,  that 
bodies  do  not  defcend  in  all  climates  at  the  rate  of 
193  inches  in  a  fecond  of  time,  but  only  in  fuch 
places  as  are  in  or  near  che  latitude  of  49  de- 
grees. In  places  more  diftant  from  the  equator, 
the  dcfcent  is  quicker^  and  flower  in  thofc  nearer 
thereto.  For  it  has  appeared,  from  a  great  num- 
ber of  obfervations,  that  the  force  of  gravity  is  lefs 
under  the  equator,  and  that  it  continually  incrcafcs 
as  you  approach  towards  the  poles^  where  it  is 
greateft. 

This  difference  arifes  chiefly  from  the  rota- 
tion of  the  earth  round  it's  axis,  by  which  all:  bo- 
dies on  the  furface  acquire  a  centrifugal*  force, 
and  would  fly  olf  if  they  were  not  retained  by  theit 
gravity. 

Now,  as  all  thefe  bodies  revolve  uniformly 
round  the  earth's  axis  in  24  hours,  either  in  the 
equator,  or  in  circles  parallel  to  it,  their  velocities, 
and  confequently  their  centrifugal  forces,  muft  be 
as  the  peripheries  of  the  circles  they  defcribe  ;  and 
therefore,  as  the  equator  is  the  greateft  of  all  thofe 
circles,  and  the  others  grow   lefs  and  Icfs  as  they 

are 

♦  By  the  centrifugal  force  is  meant,  that  force  which  we 
fe  makes  bodies  lying  loolcly  on  a  wheel,  or  a  glohe,  flv  off 
^^n  it  revolves  Iwihly  round  it's  axle  ;  and  this  aiifcs  f;vnu 
thtir  tendency  to  move  on  in  a  right  line. 
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Sure  more  and  more  diftant  from  the  equator,  the 
centrifugal  force  of  bodies  muft  be  grcatett  in  the 
^•quatar,  find  be  continually  din)inillied  towards 
the  poles,  till  at  laft  it  vanifhes  at  the  polar  points. 
As  this  force  ad^ls  in  oppofition  to  gravity,  it  muft 
of  courfe  diminiih  it,  and  this  diminution  muft  be 
greateft  in  the  equator,  and  grow  Icfs  and  lefs  in 
the  approach  towards  the  poles. 

There  is  alfo  another  rcafon  why  the  force  of 
gravity  fliould  be  more  diminiilied  by  the  centri- 
fugal force  at  the  equator,  than  in  any  other  place, 
which  isihis :  The  centrifugal  force  always  caufes 
a  body  to  tend  from  the  center  of  the  circle  in 
which  it  moves;  and  therefore  it  muft  adt  in  di^ 
red  oppofition  to  the  force  of  gravity  at  the  equa- 
i^r,  whofe  center  is  the  fame  with  that  of  the  earth  s 
but  as  the  centers  of  all  the  circles  parallel  to  the 
equator,  are  at  feveral  diftanccs  from  the  center 
of  the  earth,  in  every  fuch  circle  the  centrifugal 
force  aQs  obliquely  againft  the  force  of  gravity, 
and  the  more  fo,  as  the  circle  is  nearer  to  the  pole, 
and  therefore  cannot  diminiih  it  fo  much  as  it  does 
at  the  equator. 

Sir  I/iUic  Ne'xion  has  proved,  by  a  moft  in- 
genious method  of  computing,  that  bodies  at  the 
equator  lofe  -5*^  part  of  the  weight  which  they 
would  have  if  they  were  placed  at  the  poles;  and 
has  fliewn,that  the  equatorial  diameter  of  the  earth 
exceeds  the  polar  diameter,  or  the  axis  round  which 
the  earth  turns,  by  about  feventeen  Englifti  miles 
and  V;  for  if  the  equatorial  parts  of  the  earth,  where 
the  waters  are  lighteft,  were  not  fo  much  higher 
than  the  polar  parts,  where  they  arc  heavieft,  the 
feas  about  the  poles  would  fubfide,  and  rifmg  at  the 
equator,  would  overflow  the  lands  thereabouts. 

This  law  of  gravitation  is  not  confined  to  the 
matter  of  which  our  earth  is  formed,  but  is  found 
fi?  extend  to  all  bodies  that  come  any  way  under 

our 
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our  obfcrvation.  Sir  Ifaac  Newton  has  fhewn, 
that  the  moon  gravitates  towards  the  earth,  and  is 
retained  in  her  orbit  merely  by  that  force.  And 
fince  the  revolution  of  the  moons  round  Jupiter 
and  Saturn,  and  of  the  primary  planets  round  the 
fun,  are  phenomena  or  effeds  of  the  fame  kind 
with  the  revolution  of  our  moon  round  the  earth, 
he  concludes,  by  the  fecond  rule  of  philofophifing, 
that  all  thefe  effedls  muft  proceed  from  like  caufes, 
and  therefore  that  the  moons  of  Jupiter  and  Sa- 
turn gravitate  towards  their  primaries,  and  that 
all  the  primary  planets  gravitate  towards  the  fun. 
He  has  alfo  (hewed,  that  if  one  body  attrads  ano- 
ther with  any  force,  with  the  fame  force  does  that  ^ 
other  body  attradit;  fo  that  the  earth  muft  gravi- 
tate towards  the  moon,  the  fun  towards  the  planets^ 
and  they  all  towards  each  other. .  He  has  proved 
like  wife,  that  the  attradivc  forces  of  thefe  great 
bodies  ad  according  to  one  univerfal  and  invaria- 
ble law,  which  is,  that  every  two  of  them  attract 
each  other  w  ith  forces  that  arc  diredly  as  their 
quantities  of  gravitating  matter,  and  invcrfcly  a> 
thcfquare  of  the  diftancc  between  ihcir  centers. 

Sir  Ifaac  Newton's  great  difcovery  confift.? 
in  his  having  proved,  that  the  well-known  power 
^'hich  we  call  gravity,  ading  throughout  the  folar 
fyftem,  accordmg  to  the  lav/  above  mentioned, 
prefcrves  the  planets  and  comets  in  their  motions 
round  the  fun;  and  that  thig  force  is  fully  fulRcient 
to  account  for  all  the  irregularities  of  the  lunar 
"lotions,  for  the  retrogreflion  of  the  equinodial 
points,  and  for  the  tides  in  our  feas,  whofe  waters 
gravitate  towards  the  moon. 

AH  this  he  has  done  by  fliewing,  from  mathe- 
matical calculations,  that  this  force,  ading  on 
thofe  bodies,  .muft  necelFarily  produce  fuch  etfedi 
^d  appearances,  as  exadly  correfpond  with  thofc 
^^kh,  the  beft  obfervations  alTurc  us,  do  really 
^^  place  in  nature. 

Rkflec-* 
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^namely,  if  a  bar  of  metal  be  fixed  in  a  vertical 
dircdlion,  and  heat  be  by  any  means  applied  to  the 
middle  of  it,  this  heat  will  be  communicated  to 
the  upper  part  of  the  bar,  when  the  temperature 
of  the  lower  part  is  fcarcely  altered. 

Light  muft  be  adted  on  by  a  power  in  a  di- 
reftion  contrary  to  the  principles  of  gravitation ; 
for  as  all  bodies  near  the  earth  gravitate  toward* 
the  earth,  fo  do  bodies  in  the  heavens  gravitate  to-« 
wards  the  fun.  But  a  flood  of  matter  is  fent  off  every 
moment  from  his  orb,  in  a  direftion  oppofite  xo 
that  of  the  gravitating  body,  and  this  in  fo  large 
a  quantity,  that  no  fpace,  however  fmall,  could  M 
aifumed  within  the  folar  fyftem,  where  the  poinf 
of  a  needle  could  be  oppofcd  to  the  fun,  without 
flopping  fome  thoufands,  or  millions,  of  the  par- 
ticles thus  fent  from  him. 

Still  gravity  may  be  confidered  as  the  com- 
bining cement,  the  operative  fpring  of  the  mighty   ; 
frame :  urged  by  this  principle,  the  rivers  circu-   ^ 
late  with  a  never-failing  current ;  it  confines  the    ; 
ocean  within  it's  bounds,  and  the  planets  within  j 
their  orbits;  thus  the  fame  force,  which  determine!   ; 
the  fall  of  a  ftonc,  is  one  of  the  ruling  principles 
of  the  heavenly  motions  ;    thus  every  where  you 
find  a   wonderful   mechanifm !    whole   fimplicity 
and   energy  give  unccafing  tokens  of  the  pro^ 
FOUND  WISDOM  of  it's  Author. 

Mind  and  Matter  essentially  different. 

Nothing  in  the  adlion  of  matter  can  induce 
you  to  think,  that  it's  adion  proceeds  from  anf 
fefjff\  '  fcrct'plion^  intelligence ^  or  ix^ill ;  or  that 
Jenjc  or  ivill  can  be  cflcntial  to  matter ;  or  that 
they  arc  naturally  involved  or  complicated  with 
the  aiftions  of  matter:  for  our  ideas  of  the  adliona 
of  matter  arc  perfedl  and  complete^    though    it 

wcro 
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vm  fuppofed,  that  fenfcj  perception^  intelIi-« 
gence^  or  willj  exifted  no  where  but  in  our^ 
tA\t% 

Since  wc  cannot  doubt  of  the  exiftencc  of 
fenfe,  or  perception,  intellifrence,  and  will,  they 
JDuft  be  the  a<flions»  operations^  or  properties  of 
fome  kind  of  being,  diftindt  from  what  is  coin^ 
monly  called  matter.  There  is  nothing  in  the  ac- 
tions of  motion,  refinance,  or  elafticity,  that 
Fsifes  in  our  minds  any  idea  of  fenfe,  perception, 
intelligence,  or  will;  otherwife  we  could  not  con- 
ceive any  machine,  for  example^  a  mill,  without 
at  the  fame  time  conceiving  that  it  may  have  fome 
dqn-ce  of  fenfe,  or  perception,  or  intelligence,  or 
will. 

There  is  nothing  then  in  the  idea  of  the  ac« 

tions  of  nutter,  by  which  the  parts  of  it  can  form 

themfelves  into  any  kind  of  regular  fyftem,  with 

Uiy  view  to  Jerve  any  purpo/e  or  end;  neither  is 

there  any  thing  in  any  fyilem  of  matter  that  we 

know,  which  neceilarily  fuppofes  an  exiftence  of 

that  fyftem,  or  without  which  wc  cannot  imagine 

matter  to  exift.      We  cannot  conceive  any  thing 

cflential  to  matter,  whereby  fuch  a  quantity   of 

matter  (for  example)   mull  exift  in  that  part  of 

fpace,  where  the  fun  now  exifts,  that  it  fliould 

contain  fuch  a  proportion  of  refifting  matter,  and 

fuch  another  proportion  of  light ;  that   it  (hould 

be  of  a  globular  figure,  &c. ;  or  why  one  part  of 

matter  fhould  be  coUedled  and  placed  in  fuch  or** 

der,  as  to  form  an  animal ;  another  part  in  fuch 

another  order,  as  to  form  a  vegetable  or  plant. 

If  there  be  nothing  in  the  actions  of  matter  to 

do  this,  then  it  muft  be  done  by  fomething  diife- 

fcnt  from  matter. 

We  have  no  idea  of  fubftanccs ;  we  have  as 

Uttlc  knowledge  of  the  fubftance  of  material  beings, 

£  2  as 
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as  of  intelligent  ones;  we  have  no  idea  of  tl 
thing  in  which  the  poucr  of  refifting,  or  of  moi 
ing,  or  of  re-ading,  fublifts  ;  as  Utile  as  we  hs 
the  being  in  vhich  intelligence  fubfifts  :  bi 
rnay  have  ideas  of  the  adions  or  operations  of  in^ 
telligencc,  as  wc  have  of  the  actions  of  matter, 
as  wc  have  of  motion  or  refiftance. 

The  ctfcntial  or  charaderiftic  diftinction 
twcen  the  material  agent  and  the  inttlligent  age 
is  this  :  the  material  agents  act  always  uniformij 
and  in  all  directions  ;  they  have  no  power  in  thei 
felves  to  increafe  their  force  of  adion,  or  to  dctc 
mine  it  to  one  di  reft  ion  more  than  to  anothcf 
all  alteration  in  their  at^lion,  or  in  the  direction  of 
them^  is  made  by  foniething  external,  which  for 
that  rcafon  is  called  an  efficient  caufc ;  they  have 
^9  wHl,  purpo/e,  vieWt  or  dejign  in  ibeir  aHion  :  but 
the  intelligent  being  determines  and  direds  it's 
own  adions,  by  the  purpofe,  delign,  or  view  whij 
it  has,  and  therefore  it's  adions  are  faid  lo  be  "^ 
termined  or  direfted  by  final  caufcs,  and  this 
redtion  by  final  caufes  is  called  the  will ;  therefore j 
all  adions  of  intelligent  beings,  w^hich  arc  likew| 
%:alled  moral  actions,  the  intention,  purpofe, 
will,  is  principally  to  be  conlidered.  'fhis  is 
guiding  principle  in  morality,  policy,  and 
ligion. 

The  adions  of  intelligent  beings  cannot 
the  objedt  of  mathematical  inquir)^ ;  for  quantlt 
and  the  ratios  of  quantities,  are  the  folc   objeft 
mathematics;  but  there  can  be  nothing  of  quantil 
in  delign,  intention,  or  will  ;  therefore,  any 
iquiry  into  the  anions  of  an  intelligent  agent  mH 
^be  on  different  principles  from  what' are   ufed 
an  inquiry  into  the  aClions  of  matter:  but 
quently  oar  ideas  arife  from  the  complicated^ 
tiuns  of  intelligent  and  material  agents,  in  whii) 

cn 
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»fca  mixture  of  mathematical  and  metaphyfical 

principles  become  neccfFary  in  our  inquiries.* 

**  To  perceive,  to  compare,  to  defire,  to  will, 

feel  pleafure  and  difpleafure,  require  a  llmplc 

bbftance,  which   muft  reprcfent  to  itfelf  things 

khich  are    diftant   and   feparated,    colled  things 

khich  arc  fcattercd,  and  compare  things  which  are 

Afferent.     All  that  is  fpread  over  the  wide  fpacc 

of  the  corp>oreal  uorld  prcfles  itfelf  here  together^ 

2s  it  were,  into  a  point,  to  make  out  a  whole;  and 

-    I  is   pad  is  in  the  prcfcnt  moment  brought 

contact  with  that  which  is  to  come.     Here  is 

neither  extenfion,  colour,  motion,  reft,  fpace,  nor 

time,  but  an  active  being  which  reprcfents  to  itfelf 

extenfion  and  colour,  motion  and  reft,  fpace  and 

time,  combines,  fcparatcs,  compares,  frlecfts,  and 

pofTeffes  a  thoufand  other  capacities  which  have  no 

relation  to  extenfion  or  motion,  attradion  or  re- 

pulfion.    Pleafure  and  difpleafurc,  defirc  and  aver* 

fion,  hope  and  fear,  are  no  change  of  place  of  little 

noms.     Modefty,  benevolence,  philanthropy,  the 

charm  of  friendlhip,   and  the  fublime  feeling  of 

piety,  are  fomething  more  than  the  agitation  of 

the  blood,  and  the  beating  of  the  arteries,  w  ith 

iihich  they  are  ufually  accompanied ;  nor  can  they 

ever  be   confounded  together  but  by  ignorancp, 

_fcU),  and  infidelrty.*' 

'  •  Coldcn*s  Principles  gf  AQion  in  Matter,  p,  itj^ 
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LECTURE   XXV^ 


The  Opinions  of  the  Ancients  concerhiv 
-  Matter^  and  op  Materialism. 


HAVING  given  you  an  account  of  the  propa 
ties  that  are  eflential  to  matter,  and  of  tl 
force  of  gravitation  fo  univerfally  ading  thereoi 
I  (hall  now  endeavour  to  give  you  fome  idea  < 
the  opinions  of  the  ancients  on  matter  \^  thefeai 
not  only  Highly  interefting  in  themfelvcs,  but  eve 
throw  much  light  oh  the  phyfics  of  the  modems. 
They  confidercd  the  vtfibility  of  matter  n«t 
neceflary  confequcnce  of  it's  creation,  hut  to  aril 
from  it's  formation.  The  fmalleft  particles  < 
jnatter  in  foiution  are  invifible ;  thus  a  miner 
water  ftrongly  impregnated  with  iron,  is  clear  an 
iranf parent /ai%  any  other  water,  though  the  part 
cles  of  the  metal  are  copiouTly  diftributcd  throuj 
the  whole  body  of  the  fluid.  As  foon  as  th< 
begin  to  concrete  into  naaflcs  by  the  addition  of  J 
aftringent,  they^^w  themfelvcs,  the  water  becom 
turbid,  and  by  degrees  turns  as  black  as  ink:  1 
the  reverfe  of  this  operation,  ink,  with  the  additi< 
of  a  ftrong  acid,  will  be  turned  into  a  colourh 
water.  The  Jky,  though  retaining  a  very  lar. 
quantity  of  water,  preferves  it's  clearneft  fo  loi 


*  Sec  the  works  of  Mr.  Harris,  particularly  the  Philo 

5hical  Arrangements,  and  tho  Hermes  ;  Sydenham's  Pla 
ones*s  Phyfiological  Difauifitions ;  Pctvin  on  Mind  ;  M* 
bofido's  Ancient  Metapbyucs ;  R.  Clarke's  Series  of  Lettc 
Bernngton's  Immatciiiilirm  4eiinealeQ ;  Cudworth^s  In(el 
tual  Syilexn,  &c. 
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udie  moifture  is  in  a  ftate  of  foliitiofi ;  but  as 
fton  33  the  atoms  of  water  arc  afTembled  together 
ns  of  fomc  change  in  the  tern- 
_i  .._  .  .1,  the  fky  is  overcalV/and  becomes 
land  cloudy*     The  vifibility  therefore  of  mat- 
commences  when   it  concretes  and  afllimes  a 
fo  Ibng  as  it  is  formlefs^  it  is  alfo  invifible. 
ebaof,  iii  it's  primaeval   ftate,  is  faid  to  have 
'V;/Tj  or  ac(  i     '        ro  the  C?rcck  ver- 
;  and  the   i     ^     /e^   referring  clfe- 
to  thi»  condition  of  the  world,  tells   us, 
which  are  now  fftn  zvnc  n^i  made  of 
;/    rf^   appear  I  in   other  words,    vifiblc 
I  were  compofed  of  invlfible  atoms. 
T        *  h  no  objcdtof  our  knowledge 

[in  Cj  we  are  ncverthelefs  obliged 

^dcrlland  a  kind  of  jirjl  matter^  out  of  which 
fhe   vifible  forms  are  raifed,  and  into  which 
i.tky  return  at  their  diflblution. 

The  ancient  philofophers  carried  their  fpecu^ 
ans  on  this  fubjctft  very  far,  fuppofing  the  fifft 
tter  to  be  homogeneous,  and  accommodated  to 
ffomiation  of  all  forts  of  bodies  indiiTerently 
Matter  they  conceived  to  be  that  elementary 
litucnt  in  compofite  fubftance,  which  apper- 
;  in  common  to  them  all,  without  diftinguilhing 
from  one  another.     Every  thing  generated 
adc,  whether  by  nature  or  art,  u  generated 
of  fomething  elfe,  and  this  fomething  clfc  is 
led  \V%  fitijff!  or  matter ;  fuch  is   iron  to  the 
few,  fuch  is  timber  to  tlie  boat* 

Thus  matter  was  confidered  as  an  homogeneous 

•^'-  comm^jn  bafis  or  element  out  of  which 

were   formed ;  it    therefore  implies  a 

^aiion  of  all  form,  and  a  capacity  to  every  form, 

the  brafs  to  the  ftatue,  the  marble  to  the  pil- 

the  timber  to   the  flup,  or  any  one  fccmdary 

Irr  to  ^ny  one  peculiar  form ;  fo  is  the  firft  and 

E  4  orightai 
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original  waiter  to  all  forms  in  generali  poffcffing 
no  quality  whatever  except  that  of  being  palTive  In 
receiving  any  fort  of  form ;  a  notion  framed  by; 
reieding  every  bound  that  can  be  fet  to  fubrtancc 
and  every  pofitive  attribute  except  the  bare  capa» 
ciiy  of  receiving  fome  form  or  other- 
Such  is  that  fingular  being  which  thofc  phi" 
lofophers  (fays  Mr.  Harris)  who  arc  immerged  in 
fenfible  objeds,  know  not  well  how  to  admitj 
though  they  cannot  well  do  without  it ;  a  being 
which  flics  the  perception  of  t^cty  fenfc,  and 
which  is  at  beft  even  to  intcUed  but  a  mjaiive  ob- 
j  '(1:1:,  no  othcrwife  comprehcnfible  than  either  by 
analogy  or  akjiraiiion,^ 

This  invifible  and  formkfs  brings  ibe  unherfil 
recipient  of  all  forms  ^  was  by  ancient  poets  and  nty* 
thologifts  pourt rayed  by  Saturn,  who  fignificd  this 
bidden  and  fecret  ftate  of  matter,  out  of  which  all 
vifible  forms  are  generated,  and  into  which  they 
fink  again,  whence  he  is  reported  to  have  de- 
voured his  own  children.  The  decay  of  forn 
being  the  work  of  time,  Saturn  had  alib  the  nan 
Kronos.  He  is  fabled  to  have  been  married  10^ 
Ops,  becaufe  matter  when  united  to  form  becomes 
vtfthle  ;  and  Ops  is  called  the  mother  of  gods,  be- 
caufe their  gods  were  the  elements  in  a  formed 
ftate,  and  were  no  objed^ts  of  worftiip  to  them  till 
they  became  vifible.  The  fame  idea  you  will  fin 
under  the  allegory  of  Proteus,  or  original  mattfi 
the  recrptacle  of  all  forms,  who  is  laid  to  be  dif 
covered  by  Eidothea  his  daughter,  by  her  leadi 
him  forth  out  of  capacity  into  adual  form. 

\l  \%  well  obferved  by  Plato^  that  while  we  a^ 


•  Aijlraitim  makes  it  (land  under  tht  fame  c^araBer 
Ihc  touch,  as  darkncfs  Oands  lo  the  Tighl,  filcnce  to  fhc  hrarrfl 
We  cirnot  be  G>id  lo  fee  ihcone,  or  hear  the  o(hcr:  stniy^ 
ii^irhour  the  help  of  thofc  (wo  Icnfcs^  v/c  could  h^vcno  coroprt^ 
heofion  of  tho(c  two  ncgAtion^,  or  fcnfiblc  priv<Ltious. 
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this  ftacc  of  cxiftence,  (lumbering  and  as  it  were 

Uming^  we  cannot  fee  the  truth  of  things  ex* 

by  fliadows,  as  Me  fee  tbem  in  our  deep;  and 

a  ceri  \in  truth  that  we  do  not  know  the  fub- 

[ice  or  eflcncc  of  any  of  the  works  in  nature, 

only  fomc  of  their  qualities  and  properties; 

example,  all  that  wc  know  of  any  animal  or  ve* 

le  is,  that  it  has  fuch  or  fuch  qualities,  and 

fc  wc  define  it ;  but  what  is  the  fubltancc  of 

what  is  the  hidden  efTcnce  producing  all 

viftble  qualities,  wc  cannot  tell, 

Ih^    It  is  the  fame  with  I^ody  ;  it  would  fcem  that 

Bb  were  only  the  outward  cover,  that  there  was 

^■ne  fuch  primary  matter  as  has  been  mentioned 

OTtnmon  to  all   vifible  things;  and  becoming  the 

fubjeA  of  the  natural  or  fublunary  elements.    The 

conception    of   an    original    matter,   and   which 

can  only  be  denominated  from  it's  capacity  or  ap- 

P'ifudc  to  receive  all  forms,  appears  eflential  to  any 
lonal  theory  of  the  conftitution of  things. 
To  this  principle  we  muft  add/bn/i,  which 
draws  matter  as  it  were  out  of  it*s  chaotic  ftatc, 
and  imprelTcs  it  with  a  diftin<5Uve  charaiiier,  and 

Inders  it  an  objed  of  the  fenfes ;  not  that  there 
cr  was  adually  any  matter  without  body^  or  body 
khout  quality,  but  they  may  be  fo  feparated  by 
le  mind  for  the  better  contemplation  of  the  well- 
■dered  generation  of  things* 
The  firft  form  that  matter  afllime*  is  extenpon, 
by  which  it*s  parts  become  contiguous,  that  is, 
mining  to  one  another,  and  having  one  common 
boundary  which  is  threefold,  length,  breadth,  and 

f)th ;   matter  triply   extended,  is  what  maybe 
led   pure  and  original   body;  cxtcnlion  enters 
ito  the  primary  conception  of  body;  but  yet  ex- 
^nfion,  though  theinfrparable  quality  of  all  bodies^ 
itfclf  preceded  by  fomething  as  it*s  fourcc  or 
rinciple  of  eduction,  without  m  hich  ]i  would  not 

cxife 
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cxift.  Thus  a  point  or  unity  is  the  eflential  con- 
ilituent  of  a  line,  the  line  of  a  fuperficies,  the  fuper- 
ficies  of  a  folid  ;  fo  that  unity  is  the  eflential  prin- 
ciple of  cxtenfion,  which  is  an  effect  arifing  from 
the  arrangement  of  units  or  points,  as  number  is 
fuppofed  to  flow  from  the  fucceflion  or  conjund:ion 
of  units. 

Body,  even  under  this  ctiaradler,  is  fl:ill  too 
vague  for  fcientific  contemplation  ;  ifs  extenfion 
mufl  be  bounded,  but  the  bound  or  limit  of  body 
is  figure,  which  becomes  the  next  form  after  ex- 
tenfion. 

But  matter  thus  extended  and  bounded  by 
figure  is  ftill  fomething  vague  and  indefinite,  fcarce 
an  objeft  for  the  natural  philofopher;  it  is  only 
body  mathematical  j  but  this  not  being  fuflicient 
for  the  purpofes  of  nature,  it  mufl:  be  invefted 
with  other  forms;  not  only  the  external  form  mufl 
be  duly  bounded,  but  the  internal  parts  mufl:  be 
duly  organized,  that  is,  the  materials  muft  be  pro- 
perly adjufted,  difpofed,  and  arranged,  which  gives 
rife  to  body  phyficaL 

Thefe  three,  extenfion,  figure,  organization, 
were  confidercd  as  fufficient  to  characterize  phyfi- 
cal  body ;  figure  having  rcfpedl  to  it's  external, 
organization  to  it's  internal,  cxtenfion  being  com- 
mon to  both. 

From  a  variation  in  thefe  univerfal  and  pri- 
mary forms,  may  arife  mofi  of  thole  fccondary 
forms,  ufually  called  qualities  fcnfible,  being  the 
proper  objci^is  of  our  IVvcral  fenfations ;  fuch  are 
roughnefs  and  fmoothncfs,  hardnefs  and  foftnefs, 
the  tribes  of  colours,  favours,  and  odours. 

Thus  matter,  the  elementary  conftituent  of 
-every  compofite  fubftance,  is  a  chaotic  mafs  void 
•of  every  property,  but  capable  of  becoming  the 
bafis  or  recipient  of  every  form ;  it  is  therefore 
iticlf formk/s,  imperceptible^  and.  paffive.  But  qi 
%■    '  this 
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is  oniveHal  and  common  fubjefi,  hdy  is  pro- 
luccd  by  the  introdudlion  of  forms  or  quultiiej, 
hich  invert  xnd  characterize  particular  portions 
it  J  as  in  the  works  of  human  arc,  out  of  one 
n  niafs  the  rt<ill  of  the  ftatuary  educes  thofc 
tcous  form^,  in  which  a  Venu^i  ov  a  Hcrrulcs 
cs  to  charm  and  a(\oniOi  us. 

The  form  or  effcncc  of  every   nauirai  lub* 
nee,  or  in  other  words,  i7V  Jyji^f^^  of  inicrnal 
ahfics,  extends  itfclf  outzvardly  every  way  from 
and  as  it  muft  nccefTarily  flop  fome where, 
U  rdmg  to  the  difFcrcnt  points  at  which  it 

flops  in  tfs  evalutiott^  it  communicates  to  each 
fubflance  a  different  and  peculiar  figure-  Hence 
die  irue  cbarafii'r  of  evtiy  muural  and  fpccific 
figure,  which  i&  not  to  be  confidered  as  a  mcnc 
furface,  but  the  bound  to  which  the  inUtftal efCcnct 
r  form  ever)'  way  extends  irfelf,  and  at  which  it 
Icrminares. 

Hence  of  all   the  extirnal  qualities  there  is 
fo  chara<fleriftic  as  jiguui  it  h  a  kind  oi  unh 
rjal fi§nature^  by  which  nature  makes  known  to 
sthc  feveral  fpecics  of  her  produdions;  the  pri- 
lary  and  obvious  tcft  by   which  wc  pronounce 
is  a  vegetable^  and  that  an  animal  \  this  an  oak, 
hat  a  lion. 

If  you  proceed  from  natural  fubjecls  to  works 

of  art,  you  will  find  that  figure  is  almcjl  all  that 

tfr/  is  able  to  communicate  ;  it  is  to  this  that  the 

inter  arrives  by  addition^  the  fculpcor  by  detrac^ 

hn.  the  founder  hy  fajion^  and  the  llucco  artift  by 

'guiding,     Even  when  you  contemplate  the  took 

if  art,  you  will  find  the  figure  a  principal  circum- 

nee.     It  is  from  this  that  the  flivv  divides,  the 

ammer  drives,  and  the  pincer^i  c\traft;  and  it  u 

rom  their  figure,  not  their  materials,  that  theydc-^ 

vc  ihcir  character  and  name. 

AH   nafura/  and  arujicial  things  partake  of 
^  Mm, 
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form,  and  parUke  alfo  of  matter  ;  fonn  is  derived 
to  them  from  mind ;  fiiperjicidl  form  is  derived  to 
the  works  and  performances  of  *ir/»  from  the  mindi 
df  human  airtifts  ;  internal  and  effeniial  form  is  de- 
rived to  the  works  and  operations  of  nature  from 
the  Dhine  Mind,  For  rhoitgh  the  commowfubjeif 
matter  of  all  external  forms  or  beings  be  in  itfelf 
boundlefs^  and  void  of  all  form,  yet  it  is  every 
where  bounded  and  imprclFcd  with  form  by  the 
great  cause  of  all  thinj^^s^  trom  whom  proceeds 
cvtry  form^  the  iound  of  every  diftind  being,  and 
the  whole  of  it's  efTenre  or  eltential  nature.  The 
ancients  allowed  the  necefiity  of  a  fpiritual  agency 
to  animate  and  produce  form>  that  it  might  be  con- 
joined to  the  Divine  Beings  and  fubjedcd  to  the 
Divine  Providence;  hence  maiter  received  that 
fpecific  form,  which  is  moft  agreeable  to  the  order 
and  beauty  of  the  univerfe*  Through  the  whole 
univerfe  we  fee  matter  hearing  the  marks  of  mind, 
and  every  where  impreft  with  the  prototypes  of 
genus  ^nd /pedes  I  we  fee  all  ^jwrna/j*  continually 
feeking  by  natural  infltnd  the  zvelfare  of  their 
own  ieing^  the  continuance  of  their  kind^  the  pre» 
fervation  of  their  oflspring  t  and  we  feel  ourfelves, 
in  the  rational  part  of  our  nature^  charmed  with 
the  fight  oi  heaut\\  and  fmittcn  with  the  love  of  it; 
we  feci  our  minds  urged  on  to  inquiries  after  truth 
as  it  were  by  a  prefenjutfon  of  it*s  fuprcme  beauty, 
and  a  preconception  of  it's  being  to  us  a  good  ;  im- 
pulfes  fo  ftrong,  that  however  often  we  may  be 
diverted  from  fuch  inquiry  by  the  necelTities  of  the 
body,  by  fancy,  or  pariion^  or  the  defire  of  imagi- 
nary good,  yet  when  left  to  theexercifeof  itU  own 
facukje?,  unhindered  and  undifturbed,  the  mind  is 
always  in  purfuit  of  it^  tracing  it  through  the  na* 
rural  and  necelTary  connection  of  ideas-  and  when 
it  has  found  it,  is  never  driven  away  from  this  at- 
tachment fo   long   as    it    turns  the   inward  eye 

thereto, 


I 
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thereto.  Thus  our  viezv  of  all  the  forms  of  out- 
ward nature,  our  experience  of  the  difpolition  of 
all  animals,  and  the  conjcioufnefs  of  our  mental 
feelings,  fcntiments,  andadions,  confpire  to  evince 
to  us  the  fpiritual  and  divine  agency  that  runs 
through  the  whole. 

From  form  and  figure,  the  ancients  proceeded 
to  another  and  higher  form,  the  life^  or  animating 
principle,  which  was  conjoined  in  many  inftances 
to  matter :  thefe  are  forms  which  charadlerize  not 
by  'oifihle  qualities,  but  by  their  refpedlive/)(W(?rj, 
eperations,  and  energies.  As  is  the  piper's  arl  to 
the  pipe,  the  harper's  to  the  harp,  fo  is  the  /orj 
of  the  lion  to  the  iody  leonine,  the  foul  of  man 
to  the  body  human.  * 

It  is  to  this  diverfity  of  fpiritual  power  in 
thefe,  that  the  diverfity  of  the  organization  in  the 
corporeal  world  has  reference.     That  ftrong  and 
nervous   leg,   fo  well  armed  with  tearing  fangs, 
how  pcrfedtly  is  it  correfpondent  to  the  fierce  in- 
ftinds  of  the  lion !  Had  it  been  adorned,  like  the 
human  arm,  with  fingers  inftead  of  fangs,  the  ;;^- 
iural  energies  of  a   lion  had   been  all  of  them  de- 
feated.    That  more  delicate  ftrudture  of  an  arm, 
terminating  in  fingers  fo   nicely  diverfificd,.  how 
perfcdtly  docs  it  corrcfpond  to  the  pregnant  inven- 
tion of  the  human  foul !  Had  thefe  fingers  been 
fangs,  what  had  become  of  poor  Art^  that  by  her 
operations  procures  us  fo  many  elegancies  and  uti- 
lities ?  It  is  here  we  behold  the  harmony  between 
the  vifible  world  and    the  invifible,  between  the 
aClivc  and   the   pafTivc,  between  the  living   and 

the 

♦  Thofc,  fays  the  Jla^yritej  who  adopt  the  notion  of  placing 
dfiy  foul  in  any  body,  talk  as  abfurdly,  as  if  a  pcrfon  was  to  fay, 
the  carpenter's  art  might  enicr  inio  a  mu(ician*s  pipe;  now  it  is 
nccfflkry  every  art  fhouid  ul*;  ii*s  proper  indrumcnu,  and  every 
foul  'u'$  proper  body. 
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the  lifelefs.  The  whole  variety  in  bodies,  as  well 
natural  as  artificial,  is  folcly  referable  to  the  pre^ 
vious  variety  in  thefe  their  animating  efTences ; 
it  is  for  the  fake  of  thefe  they  exiji  ;  it  is  by  thefe 
they  arc  employed;  and  without  them  they  would 
be  as  ufelefs  as  the  ftioe  without  a  foot. 

As  nothing  can  become  known  by  that  which 
it  has  not,  fo  it  would  be  abfurd  to  defcribc  thefe 
fpiritual  powers  by  any  vifihle  or  other  qualities, 
the  objecls  of  our  fenfations.  The  fculptor's  art  is 
not  figure,  but  it  is  that  through  which  figure  is 
imparted  to  fomething  elfe.  The  harper's  art  is 
not  found,  but  it  is  that  through  which  founds  arc 
called  forth  from  fomething  elfe.  They  are  of 
themfelves  no  objedts  either  of  the  ear  or  eye  ;  but 
their  nature  is  underftood  in  this,  that  were  they 
never  to  exert  their  proper  energies  on  their  proper 
fuhjelfs^  the  marble  would  remain  for  ever  fbape^ 
lefs,  the  harp  would  remain  for  tstrfilent. 

It  is  the  fame  in  natural  being ;  the  living  ef^ 
fence  of  a  natural  being  is  neither  it's  organiza- 
tion, nor  it's  figure,  nor  any  other  of  thofc  infe- 
rior forms,  which  make  up  the  fyftcm  of  it's  vifi- 
ble  qualities;  but  it  is  he  power,  which  not  being 
that  organization,  nor  that  figure,  nor  thofe  qua- 
Jities,  i^  yet  able  to  produce,  prefcrve,  and  employ 
th^m.  It  is  the  power,  which  departing  the  body, 
cc2(fes  to  live,  and  the  members  foon  pafs  into  pu- 
trifartion  and  decay.  It  is  in  mind  that  forms 
exift,  before  matter  can  receive  them;  it  i^from 
mind,  when  they  adorn  matter,  that  they  primarily 
proceed  ;  fo  that  whether  we  contemplate  the  works 
of  art,  or  the  more  excellent  operations  in  nature, 
all  that  we  look  at  as  beautiful^  or  liftcn-  to  as 
harmonious,  is  the  genuine  effluence  or  emanation  of 
mind.  ^ 

Thefe  tranRcndant  cbjeds  are  of  an  origin 

fo 
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fo  truly  menial,  that  nothing  but  mirtd  or  intelleS 
can  recognize  or  comprehend  them.  Hence,  if  this 
intelki^tive  faculty  be  wanting,  as  it  is  in  inferior 
animals,  or  be  unhappily  debafed,  as  too  often 
happens  to  our  own  fpccies  ;  though  lYitxr  fenfith;e 
organs  may  be  exquifite  to  a  degree,  yet  are  fuch 
to  fuch  objects,  as  if  they  had  no  organs  at  all. 
Eyes  have  they,  and  fee  not. 

From  this  view  of  things,  we  fee,  that  meant 
do  not  lead  to  ends,  but  efids  lead  to  means  ;  that 
it  was  not  the  organization  of  the  fheep's  body 
which  produced  the  gentle  inftinds  of  the  flieep  ; 
lior  that  of  the  lion's  body,  which  produced  the 
ferechus  inftin<fls  of  the  lion ;  but  becaufe  in  the 
divine  oeconomy  of  the  whole  fuch  fpiritual 
principles  ncceffarily  cxifl-,  they  are  cloathcd  with 
fuch  bodies  as  arc  agreeable  to  their  refpedtivc 
nature,  and  fit  for  their  proper  bufinefs  in  this 
world* 

But  ftill  all  the  different  capabilities  of  mind 
and  matter  are  derived  from  that  Almighty 
Being,  who  is  the  fource  of  all  capacity,  as  well 
as  of  all  power;  who  hath  diftributed  amongft  all 
animals,  both  the  irrational  and  the  rational,  fuch 
capacities,  abilities,  and  energies,  as  may  fit  them 
for  being  falutary  and  ferviccable  ;  and  who  has 
imprefled  on  matter  fuch  dilhmt  charafters  of  his 
own  beauty  as  the  fubjeft  will  bear;  as  in  the 
glory  of  the  heavens,  in  the  fymmetry  of  form,  in 
the  harmony  of  founds,  and  in  the  elegance  of  co- 
lours, in  the  elaborate  texture  of  the  fmallcft  leaf, 
and  in  the  infinitely  fine  mcchanifm  of  fuch  in- 
fefts  and  minims  of  nature,  as  are  fcarce  vifible  to 
the  eye  of  the  cleareft  difcernment. 

From  the  foregoing  principles,  which  thraw 
light  on  all  theobjeds  of  mind,  make  them  vifible, 
as  it  were,  to  the  mind's  eye,  and  at  the  fame  time 

pour 
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jpour  light  into  that  eye,  to  fee  thofe  objedb,  the 
ancients  concluded  the  Divine  Being  to  be  good- 
Ntss  ITSELF,  and  TRUTH  ITSELF;  and  that  thcfe 
were  continually  diftufed  into  all  things,  in  pro- 
portion to  their  feveral  capacities,  uiider  thefe 
charadlers,  the  raoft  obvious  to  be  perceived,  they 
confidered  him  as  the  caufe,  both  final  and  formal, 
of  all'  that  good  which  is  enjoyed  by  beings  who 
are  capable  of  any  enjoyment,  and  of  all  that 
beauty  and  truth  which  is  enjoyed  by  thofe  who  - 
have  a  fenfe  of  beauty  and  truth. 

•^  But  they  even  go  farther  than  this.  The 
fages  of  antiquity  affirm,  with  great  appearance 
oftruth,  and  ftrength  of  argument,  that  we  have 
a  principle  of  exiftence  within  us,  infinitely  more 
intimate,  more  valuable  and  durable,  than  this  ex- 
panfe  of  heaven  and  earth,  this  inclofure  of  flefh 
and  blood,  or  any  fpecies  of  life  and  health  that 
can  be  fubject  to  mortality;  that  this  principle  of 
exiftence  is  of  divine  original^  incorruptible,  un^ 
perijlable,  a  fount  that  muft  flow  /§r  ever,  a  fame 
that  cannot  be  extinguifhed ;  that  the  virtues  are 
it's  treafures,  it's  enjoyment,  it's  beauty,  and  illu- 
mination ;  that  thefe  conftitute  the  man,  all  that 
can  properly  or  inherently  be  denominated  him- 
fclf,and  all  that  deferves  his  regard  or  attention." 

"  Thus  far  ftrctchcs  the  dodlrine  of  Pagan 
philofophy ;  and  conformably  thereto,  it's  votaries 
rcjeded  the  world,  with  all  it's  enjoyments,  and 
even  boaftcd  a  fuperiority  over  poverty,  calamity» 
pain,  ficknefs,  and  death." 

"  But  if  to  this  we  add  fgmething  of  that 
REDEEMING  WORD,  which  brought  life  and  immor- 
tality to  the  fulncfs  of  their  light,  and  the  weight 
c(  their  glory ;  all  that  is  temporal  fades  and  va- 
nifties  away  in  the  comparifon  with  any  article 
that  is  eternal :  the  goods  of  this  world  are  no 
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cr  to  be  relilhed,  nor  it's  evils  to  be  feared : 
thcprcfcnt  is  funk,  and  loft  in  the  greatncfs.  of  the 
future;  and  poffelTion  is  caft  behind  us^  inreach* 
ing  after  ^  the  immenfity  of  that  for  which  \ic 
hope.** 

"  Nothing  becomes  conflderable,  ndfhing  of 
cftimation,  fave  fo  far  as  it  conduces  to  the  pur- 
chafe  or  acquifition  of  fome  article  or  degree  of 
goodnefs ;  fome  of  thofc  benevolences,  thofe  cha- 
rities, thofe  afFedtions,  thofe  elegancies  of  elevated 
humanity,  which  the  great  apoftle  to  the  gentiles 
prefers  even  to  the  graces  of  faith  and  hope;  and 
vhich,  he  fays,  "  cannot  fail,"  but  muft  endure 
for  ever,  when  faith  is  fwallowed  up  of  vifion,  and 
hope  of  enjoyment ;  when  every  will  fhall  be 
fubducd  to  the  will  of  good  to  all  ;  when  our 
Saviour  will  take  in  hand  the  religncd  chordagc 
of  our  hearts,  and  will  tune  them,  as  fo  many  in- 
ftruments,  to  the  fong  of  his  own  fentiments,  and 
vill  touch  them  with  the  fingers  of  his  own  feel- 
ings. Then  the  happinefs  of  each  fliall  multiply, 
and  overflow  in  the  wiftics  and  participation  of 
fhe  happinefs  of  all/' 

Of  MATERtALlS^f. 

From  contemplating  the  beautiful  opini- 
of^sof  the  ancients,  I  unwillingly  turn  to  the  un- 
plcafant  talk  of  pointing  out  the  errors  of  fome 
niodern  philofophers,  who,  from  falfe  views  of  the 
^ure  of  matter,  and  from  ignorance  of  the  prin- 
ciples of  viind,  have  adoptea  the  dire  and  gloomy 
fyftem  of  materialifm.  If  this  fyftem  be  true,  if 
^rfoul  be  mortal,  reafon  is  a  dream,  and  virtue 
lofcs  all  the  fplendor  which  makes  it  godlike  in 
our  eyes.  If  you  delight  in  fricndlhip,  if  you  re- 
fpc&  virtue,  and  are  charmed  with  beauty  and  per-* 

Vol.  hi.  F  feilion. 
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oyjans;  thus  reducing  all  the  intelleclual  and  afiua 
faculties,  to  motions  of  the  brain,  of  which  the 
Joul  is  only  a  Jpciiator^  though,  by  a  continual  il- 
lufion,  flie  attributes  them  to  herfelf.  But  a  more 
modern  matcrialift  has  thought  it  would  be  fimpier 
to  make  the  fcene  it's  ovinfpe^fator. 

In  order  to  eft'eft  this,  he  endeavours  to  ren- 
der thofe  ridiculous  who  aflcrt,  that  the  foul  and 
body  have  no  property  in  common,  though  they 
have  a  mutual  adtion  on  each  other,  and  are  capa- 
ble of  an  intimate  communication.  The  ridicule 
thrown  upon  this  opinion  may  divert  the  reader's 
attention  ;  but  it  gives  no  ftrcngth  to  the  arguments 
of  the  material ilh  For  wc  have  no  objcdtioA  to 
allow  him,  that  thinking  fubjlances,  and  phjifical 
Jubjiancesy  have  very  great  relations,  and  that  they 
have  no  repugnance^  but  a  certain  corre/pondence 
the  one  to  the  other.  The  body  being  a  vifibie 
agent  in  all  wc  do,  has  indeed  made  fome  weak 
heads  imagine,  that  wc  are  nothing  elfe  but  body ; 
as  from  the  fame  want  of  thought,  fome  have  con- 
cluded, that  there  is  nothing  befides  the  material 
world,  becaufe  nothing  elfe  is  obvious  to  their 
eyes: 

The  man  of  matter,  penetrated  with  the  idea 
that  he  fiiould  reconcile  all  the  world  to  materi- 
alifm,  if  he  could  tWiilt  matter;  and  conceiving  that 
what  was  fuppoftd  to  be  defpicable  and  abjed 
therein  coniiltcd  in  it's  impcnetrabilyy  and  it's  i«- 
crtia  ;  he  has  endeavoured  to  deprive  it  of  theft 
j^ropcrtics,  but  in  vain  ;  for  matter^  even  coming 
out  of  his  own  liands,  is  as  impenetrable  and  inert 
as  that  of  Kivston. 

It  is  rather  lingular  in  our  materialift  to  bc» 
gin  his  work,  with  cxprelling  his  veneration  for 
the  great  man  I  have  juft  named,  propofing  to 
kdopL  lii:>  rulLs  oi'  philofophizing,  and  complaining 

Qt 
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That  It  is  not  immortal.  3dly,  That  he  derives 
his  hopes  of  furviving  the  grave,  from  the  general 
refurrediion  of  the  dead.  4thly,  That  there  is  no 
fuch  cxiftencc  as  a  foul  between  the  hour  of  death 
and  the  general  refurredion,  when  the  man  refum  c 
the  fame  organical  ftruSIure  of  the  brain.  Now 
the  revelation  of  Christ  confiders  the  foul  as  of 
a  diftinSl  nature  from  the  body,  and  as  exifting 
after  death.  From  revelation,  therefore,  this  au- 
thor can  derive  no  hope  of  furviving  after  the 
grave,  if  the  foul  becomes  extindt  with  the  body. 

But  further,  the  myftery  opened  in  the  gofpel^ 
relates  to  quite  another  kind  of  life  in  the  foul« 
than  that  which  is  implied  or  confifts  in  it's  bare 
immortality.  For  immortality  confidered  in  itfelf, 
as  a  pbyfical  neceffity  of  it's  continuing  in  life  for 
ever,  may  as  well  be  a  curfe  as  a  blcfTing,  and 
have  heaven  or  hell  for  it's  portion.  But  this  is 
not  the  life  and  immortality  that  the  gofpel 
preaches.  It  leaves  this  natural  immortal ity» 
which  belongs  as  well  to  the  fpirits  of  darknefi  z.% 
to  men,  as  wholly  untouched  as  it  docs  the  origi- 
nal of  the  alphabet. 

The  immortality  of  the  gofpel  is  not  fo  called 
on  account  of  it's  eternal  diirationy  but  becaufe  the 
foul  is  thereby  eternally  freed  from  thofe  evils  and 
cn-ors  which  would  prevent  it  from  enjoying  the 
light  and  life  of  heaven.  But  though  the  natural 
immortality  of  the  mind  is  never  cxprcfsly  men- 
tioned, or  afferted  in  the  gofpel,  yet  is  it  fully 
pvoed  therein,  becaufe  unavoidably  fuppofcd,  and 
ntceffarily  implied  in  and  by  the  plain  and  open 
dodnne  of  the  gofpel. 

In  the  fyftcm  of  Dr.  Hartley,  the  foul  was 
rendered  purely  pafTivc;  the  memory,  the  judgmejtt, 
the  u'///,  and  the  principle  of  all  voluntary  mo- 
tions, are  placed  in  the  pbyfnal  properties  of  the 
F  2  organs  ; 
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is  a  contradi<5lion^  it  follows^  that  the  atoms  muft 
be  undivided i  and  this  is  all  here  meant  b);  bard^  .^ 
ne/s.  The  matcrialift  fays,  that,  without  apra^^i 
the  parts  of  atoms  would  feparate  themfelveSj  and 
be  difperfed ;  but  I  fay,  that  without  a  power^  tbey 
can  neither  be  feparated  nor  difperfed ;  and  you 
can  be  under  no  doubt,  which  of  thefe  propofiticfni 
is  moft  conformable  to  the  Newtonian  rules  rf 
fhihfopby. 

Again,  becaufe  the  materialift  has  thought 
proper  to  divcft  matter  oi  foltdity  and  inertia^ 
IS  It  therefore  entitled  to  the  powers  o{  fenfati^n 
and  thought  ?  Becaufe  he  chufes  to  define  matter 
afubftance  pojfejfed  of  the  property  of  extenfion^  and 
of  powers  of  attraction  and  jrepulfion,  are  we  to 
conclude  that  there  is  no  longer  any  reafon  to  fup* 
pofe  in  man  two  diftinft  fubftances  ? 

*•  If  there  be  any  truth  in  late  difcoverics  ia 
philofophy  (fays  this  man),  ref fiance  is  in  fnoft 
cafes  caufed  by  fomething  of  a  quite  different  na- 
ture from  any  thing  material  or  folid^  viz.  by  a 
-power  of  rcpulfion^  ading  at  a  diftance  from  the 
body  to  which  it  has  been  fuppofed  to  belong; 
and  in  no  cafe  whatever  can  it  be  proved,  that  n- 
Jiftdnce'is  occafioned by  any  thing  elfe.*'  He  relates 
thofe  experiments  which  fhew,  that  there  is  a  c'oA- 
fiderablc  difficulty  to  bring  bodies  to  a  real  contaSi 
thofe  on  the  dilatations  and  condenfations  of  bodies, 
ii'hich  prove  that  their  parts  are  not  fo  clofe  as 
they  migbt  be;  and  conceiving  that  the  particles 
can  never  bt  brought  into  real  contad,  he  conclude^ 
with  faying,  '*That  there  is  nothing  real  in  matter 
but  attractions  and  rcpulfions  ;  and  that  thefe  op- 
polite  powers  relate  only  tq  certain  points  of 
fpace,  points  nuabohalirat^  without  folidity^  and 
which  can  only  becoulidcredas  the  place  to  which 
the  power  is  referred." 

I  muft 
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I  muft  confcft  with  Mr,  de  Luc,  that  if  any 
00c  can  comprehend  what  thefe  pozvers  arc  which 
have  exitf^/hn,  and  which  are  ftill  only  matbema'^ 
tual  p^dnh,  and  which  attract  and  repel  each 
ochcr^  and  can  confidcr  fuch  an  account  as  a  folu- 
lion  of  the  difficulties  concerning  matter,  he  has 
cither  a  /(tn/t  more  or  Icfs  than  I  have.  Newton 
had  fcen  thefe  repuJfions^  or  the  refinance  that  i^ 
found  in  bringing  certain  bodies  into  pcrfcifl  cort- 
taiii  but  he  conlidcred  them  fimply  as  the  effeft  of 
an  el^ic  fluid  furrounding  them,  of  Mhich  j/r  an4^ 
^re  afford  us  palpable  examples.  He  alfo  de- 
clared exprefsly,  that  he  conlidcred  energy  tvithoui 
fnh fiance  as  an  akjurdily.  So  far  was  he  from  thin  Ic- 
ing that  the  rejtjiance  made  by  bodies  in  approach* 
ing  each  other  was  invincible,  that  on  the  con- 
trary he  proved  by  experiment,  and  he  explained 
b)*  his  claflic  fluid,  that  after  the  repulfion  was 
conquered,  the  cffcci  of  the  proximity  was  a  ftrong 
sdbdion  of  the  bodies  produced  by  the  exterior 
fftffure  of  the  fame  eUfiic  fluid, 

Hot  to  infill  that  the  powers  affumed  by  our 

nutcrialill  arc  entirely  bypotbeiical,  and  contrary 

ro  the  leneral  agency  in  nature,  ajid  therefore  inad^ 

>,  it  will  be  eafy  to  prove,  that  even  his  own 

nt  of  matter  cftablilhes  principles  contrary 

^   wretched  fchemc;  and   you  will  find  his 

luatier  as  inert  as  our's  ;  for  the  idea  of  impene- 

'  Hty  only  fuppofes  that  two  extended  fubftances 

«[  be  in  the  fame  place  at  the  fame  time, 

ktow  the  materialift  muft  give  the  fame  property 

to  his  fpbere  of  pozvers,  becaufe  he  ftill  confidcrs 

Men/hn  as  neceilary  to  his  matter ;  his    fphcrei 

therefore  muft   be   impenetrable,   one  cannot  be 

^piace  of  the  other  at  the  fame  time,  for 

is  the  phyficat  idea  of  impenetrability, 

which  has  nothing  in  common  with  Iiardnefs*     In 

wbatcvcr  manner  we  conceive  matter,  it  may  be 

F  4  com. 
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compreffcd»  divided*  fubdivided  to  infinity,  anc 
yet  continue  impenetrable* 

It  is  the  fame  with  inertncfs:  we  Ihall  find  hi^j 
panicles  poflefled  thereof  as  well  as  cur's  ;  fo| 
what  is  inertia  but  matter  continuing  at  reft  unti 
fome  caufe  puts  it  in  motion  ?  Can  the  matcriaUf 
refufe  this  ^  roperty  to  \\\%  fphere  ofpnvers  ?  The 
have  relation  to  fpacc^  they  occupy  pface^  and  ai 
moved i  confequently  a!l  the  true  notions  of  niotioi 
are  as  applicable  to  thcfe  as  to  any  other  conccj 
tion  of  matter:  it  is  as  tneri  as  our's,  and  alter  al 
his  endeavours  to  fcparatc  the  ideas  of  impenetra^ 
hiUty  and  inertncfs  from  matter,  he  has  ftill  made, 
matter  impenetrable  and  inert.  They  are  effenttaM 
properties  of  that  fuhjlance  which  compofcs  th^^ 
fhyjical  world,  which  no  effort  of  the  imagination 
can  fcparatc  from  thefe  fubftances.  " 

Bat  the  matter  of  this  man  is  not  only  inci 
and  impenetrable^  but  it  is  alfo  poffcircd  by  hij 
own  confcffion  of  properties  quite   of  a  dijferen 
nature  from  any  thing  materia! ;  fo  that  after  en^ 
deavouring  to  prove,   that  matter  was   the  only 
fubftance    entitled   to  exiftence,  that    it  was  the 
caufe  of  all  appearances,  yet  to  account  for  the 
various  phenomena  he  is  obliged  to  give  us  fomc^ 
thing  of  a  quite  difjcrent  nature  from  any  thir  "^ 
materia!  ;  this  immaterial  fomerhing  is  the  powi 
of  rcpuljion^  the  property  of  all   matter*     Is  fuchS 
power  really  difttrent  from  every  thing  materiati 
or  can    matter   act    by    immaterial    powers? 
rooted  is  the  averlion  of  our  materialill  to  miMC 
fuch  his  pncumatopboiia^  that  he  will  fuppofe  of 
adopt  any  thing  luoncr  than  admit  the  agenor  o^y 
mind*  \  ^ 

He  tells  us,  we  conceiveyjO/r/V  and  body  to  b^" 
pofTeffed    of  no    common  property.    We   aik  him 
where  he  finds  any  thing  common  between  percept 
fion  jind  the  powers  of  attrafiion  and  repuljion,  tba^ 
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\i^  between  the  fcntient  and  corporeal  powers  ? 
I^y,  whac  is  there  common  between  the  artrn^tivc 
*.i  —nyifive  powers  thcmfclvcs?     We  infill  that 
n,    and   the  powers  of  attraflion  and   re- 
in, as  likcwifc  thefc  two  refpcvrtivclv,  are  as 
fiff  and  as  far  removed  from  the  policfTion  of 
^  7mmon  property,  as  chofe  very  powers  which  ass 
imaterialjfts  we  attribute  to  matter  and  fpirit. 

It  is  mind  that  fies  rhc  difference  not  only  be* 
(Tccn  black  and  white,  bitter  and  fweet,  but  (which 
jio  fenfe  is  equal  to    the  difference  between  black 
rid  bitter,  white  and  fweet,  and  the  various  tribes 
beier(igeneBus   accnbutes.      Nor  does   it    ihew 
rcmacy   in   thefc    recognitions  only  ;  but 
^ .    u*  VI  hen  at  one  and  ihe/iime  vit^w  it  recognifes 
ie^  of/etfje  and  intelien  united,  as  in  the  cafe  of 
jifms   made  of  propofitions   particular  and 
krfal. 
This  joint  recognition  of  things  multiform, 
Irary,  and  heterogeneous,  and  that  by  the  fame 
//y^  and  in  the/uM<i'  uiniivided  injlant,  proves 
the  ftrongeft  manner  that  the  mind  is  immate- 
rial ;  for  body  is  incapable  of  fuch  a  fimplc  and 
trrfe.51  unity. 

But  leaving  thefe  and  many  other  confidera- 
~       '       is  lee  whether  the  matter  of  the  mate- 
1  as  he  imagmed  hunfclf,  wili  feem  fitter 
3r  becoming  a  percipient  hing*     To  him  indeed 
tars   eafy^  for   fince  the  thing  that  we  call 
*.onfifts  only  in  powers ,  there  is  nothing  to 
irevent  it's  having  the  powers  oi  perception ,-  but 
little  confidcration  will  tlicw,  that  the  difficulty 
more  infurmountable  in  hjs  f)rtem  than  in  any 
othen 

For  as  long  as  we  confidered  a  fuhjhmcc  to 

rhich  the  powers  of  attraction  and  repullian  were 

Retributed,  there  remained  this  obfcurc  idea,  "that 

fubftunce  might  be  endowed  w  ith  many  kindg 
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of  powers,  and  it  would  be  neccflary  to  dircufs 
this  quellion  ;  but  in  the  prefent  cafe  there  is  no 
room  for  di  feu  (Ron  ;  if  a  power  can  be  conceived 
without  fubjiance,  it  will  be  itfclf  the  w/^o/^  i^^i^g* 
A  power  of  attraflion  is  a  power  of  attraction,  ^ixl 
can  be  nothing  elfe.  This  clafs  of  powers  form, 
according  to  our  materialift,  one  part  of  matter ; 
the  remainder  is  formed  of  powers  of  repulfion» 
which  can  be  nothing  elfe  but  powers  of  repulfion. 
If  therefore  he  wants  power  of  perception,  he  muft 
make  it^  his  matter  has  no  fuch  power. 

'*  In  what  kind  of  principles^  fimple  or  com* 
pounded^  does  he  fuppofe  even  the  powers  of  atm 
traSion  and  repulfion  to  refide?" 

**  Does  he  think  the  fame  numerical  fubflancc 
can  at  the  fame  time  poffefs  the  attraSlive  and  r^- 
pellent  powers  ;  i.  e.  that  the  fame  body  can  be  at 
once  attratlive  and  repulfive  ?  By  repulfion  all  ab- 
foiute  approach  or  conta^  is  impeded  :  by  attract 
tion,  bodies,  when  at  a  diftance  from  each  other, 
tend  to  mutual  approach/* 

**  Now  as  he  declares  thefe  powers  to  be  effen'* 
iial  to  cUl  matter,  all  matter  is  ever  tending  to  ap- 
proach, and  ever  receding  from  all  matter;  A  and  B 
always  going  to,  and,  at  the  fame  inftant,  always 
going  from  each  other ! ! !  * 

But  why  does  the  matcrialift  fuppofe  the  pby- 
fical  world  to  be  compofcd  only  of  fmall  fphercs 
of  attraction  and  repulfion  ?  It  is  this  :  on  examin- 
ing the  various  phenomena  one  by  one,  he  thinks, 
that  at  the  end  of  his  analyfis,  he  finds  nothing 
remaining  but  attractions  and  repulfions  without 
SUBSTANCE^  The  ELEMENTS  are  therefore  only  tf/- 
traction  and  repulfion,  when  the  phenomena  indicate 
nothing  but  attraction  and  repulfion ;  but  when  the 
phenomena  indicate  fenfibility  and  felf^confciouf-^ 

*  Bcrrington's  Immatcrialirm  Delineated,  p.  22^. 
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%  vhai  arc  the  elements  ?  Ai-e  they  ftill  only 
lim  and  repulfion  ^  Is  there  no  faculiy  of 
fiUn  in  ihe  ingredients  ? 
Our  iftatenalilt  feeU  no  force  in  this  objcc- 
Iions  with  him  it  is  no  more  "than  if  it  were 
ud,  that  no  harmony  could  refult  from  a  harpfi- 
^hord»  becaufe  the  finglc  notes,  feparately  takeit, 
\c  no  harmony,"'  The  nian  who  can  thiis 
utjcs  not  underlland  the  nature  of  the  proof; 
for  what  is  harmony  ?  it  is  the  uniaH  of  two  4r 
)i9ir  founds t  o(  which  the  whole  is  agre<  -  o 
br  car,   U  h  therefore  of  the  cjfence  of  .y 

m  h  kr  in  each  of  it's  ettmenis^  m  it  is  of  number 
lid/  u  he  in  unity ^ 

Mr,    Berringtort    |jurfues   this  ftill  further: 
nm^ny  in  mufic  arifcs  from  a  number  of  modu- 
1:/   '  ''       ^s-  proportton  alfo  or  fy mm e try  in  archi- 
.1  i-s  from  the  appropriate  arrangement  of 

aterials ;  but  each  found  taken  feparately  is  void 
rf  ny,  as  each  ftone  in  a  builditjg  is  diverted 
IL,  ^  ,  ution.  In  the  external  objects  themfeltes, 
frhat  haie  you,  but  detached  and  infulated  founds^ 
'fctachcd  and  infulated  ([on^^  only  rifing  in  a  defi- 
nite order  of  fuccciriori  and  co-exiftence  ?  What 
it  then  that  gives  esciftence  to  the  charms  of 
—  --v  and  proportion  ?  That  /feing  alone  which, 
.  ith  perciptcnt  and  comparing  powers,  can 
Ike  in  fuch  various  tones  and  various  parts,  can 
larc  them  together,  and  therein  perceive  ac- 
Tand  proportion.  This  exalted  power  through 
le  wide  llrctch  of  nature  is  alone  capable  of  giving 
tiftence  to  fuch  unfubftantial  forms*  Harmony 
%d  fymmctry  are  mere  eflerts  of  comparifon,  all 
icir  reality  is  derived  from  man. 

But  iJ   the  brain  were  the  fole  fubftance  on 
urh  furh  impreflions  are  fornjed,  harmony  would 
cxchidcd  from  the  material  univerfc  ; 
:....\.  fuppolition  a  choulAnd  diftind  vibra- 
tions 
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tians  in  the  nervous  fyftem  coiild  na  niorCgi>'c  ifl 
reality  than  it  could  be  ruifcd  by  the  found  itfcjr. 
Were  each  particular  founding  particle  to  aci  on 
the  ear,  or  each  part  in  an  edifice  on  the  eye,  and 
proceed   no  funhcr,    what  would  be  the 
Evidently  only  this;  the  moft  regular  and  ii 
ftrufturc  would  remain  as  an  heap  of  fand,  and  the 
airs  of  an  Arne  be  as  unaffcding  as  the  whirling' 
of  the  wind*    Juft  fo  mufl  it  be  in  the  niatcrial  fyf- j 
tem,  becaule  no  center  oi  union  can  exift  theretn^| 
and  confequently  no  comparifon   or  juft  pcrcep-^ 
tion;    therefore   no  harmony   or   proportion  can 
take  place  :  fo  that  the  inaterialill*s  own  exarnplcsj 
adduced  to  prove  that  per<ep/ion  may  belong  to 
whole  fyllem,  and  not  to  it*s  component   parts^ 
difciltly  make  againft  him^  andfupport  the  imma- 
icriai  hypothcfis* 

,       Is  there  nothing  real  in  ///>,  fays  our  materi- 
alift,  becayfe  each  particle  has  not  life  ?  It  is  no| 
more  cafy  to  conceive  the  nature  of  ///>,  than  of 
perception.     The  li/e  of  the  human  body  in  one 
point  of  view   may  be  confidered  only  as  an  ar- 
rangement of  organs  put  in  adion  by  the  elements ij 
but  even  in  this  low c ft  view,  like  harmony,  life  iq 
the  refult  of  the  whole,  and  is  not  to  be  found  in 
the  component  elements.     In  order  that  a  watch 
may  tneafure  time^  it  is  not  neceflary  that  each  of 
jt*s  particles  or  each  of  it's  parts  Ihould  alfo  mea 
fare  iime^     In   a  wordj  thcfc   are  only  prQperliex 
attached  to  the   idea  of  compojition  \  or   to   fpeafc 
more  exactly,  they  are  rejulis  not  properties^   taji 
eJeHs  not  primary  canjes^  which  arc  evidently  dif^ 
Icrent. 

If  the  materialifl  had  properly  conlidered  the' 
examples  he  ufed,  he  would  have  found  therein  a  i 
full  confutation  of  his  own  principles  •  as  an  in-H 
ftance,  he  affirms,  **  it  may  juft  as  well  be  faid  that" 


1 


may  J 
fi'und  cannot  con  lift  of  a  vibration  of  the 


air,  be-     I 
caufefl 
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caufc  no  found  could  rcfult  from  the  motion  of  a 
^fing/e  particle  of  that  elaftic  fluid,  as  that  percep- 
tion cannot  belong  to  a  whole  fyftem  and  not  to 
the  component  parts."  No  one,  I  believe,  ever 
aiTerted  that  the  individual  particles  of  air  were 
not  concerned  in  caufing  found,  for  each  particle 
of  the  fluid  which  tranfmits  the  founds  tranfmits 
apart,  but  too  feeble  to  be  perceived  by  our  or- 
gans ;  it  is  from  the  number  of  thefe  fmall  impref- 
nons  that  one  refults  fufficient  to  be  perceived. 
1%  not  the  fentiment  of  light,  which  can  only  take 
place  from  a  pencil  of  rays,  produced,  becaufe 
each  particle  has  the  faculty  of  exciting  this  fenti- 
ment? 

Much  is  ufually  urged  in  favour  of  the  unity 
of  the  ieing  that  perceives,  and  of  the  abfolute  im- 
propriety of  attributing  thereto  any  parts  accord- 
ing to  our  idea  of  parts  in  matter.  This  reafoning 
he  confidcis  as  proving  no  more  againft  the  divifi- 
bility  of  mind,  than  if  we  concluded,  **  becaufe  a 
fpbere  was  of^  thing,  that  it  was  therefore  indivi- 
iiblc.  It  is  true,  he  adds,  that  it  is  impoflible  to 
divide  one  Jphere  into  t'wo  fpheres,  but  it  may  be 
divided  into  parts,  fo  as  to  be  no  longer  a 
i^tre.  In  the  fame  manner  the  fyftem  of  inteili^ 
ff»f^,  that  we  denominate  lYitfoul  oi  man,  cannot 
be  divided  into  two  fouls  ;  but  it  may  be  divided 
ind  diflbivcd,  fo  as  no  longer  to  form  a  system  of 
mdligence,  a  soul." 

After  this  comparifon,  in  which  he  triumphs 
much,  he  adds,  *'  If  any  one  can  define  the  unity 
of  confcicnce  in  a  more  favourable  manner  for  the 
immateriality  of  the  foul,  he  ihall  be  glad  to  hear 
it,  and  pay  it  a  proper  attention."  As  the  defini- 
tion of  this  unity  has  been  often  and  fo  well  given; 
as  every  idea  of  parts  affirmed  or  denied  with 
rcfpcct  to  this  onemfs  of  the  mind,  is  as  abfurd  as 
to  apply  thereto  colour  of  tafte,  it  will  be  fufficient 

to 
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to  anfwcr  his  argument  in  a  manner  fomewhaC 
fimilar  to  his  own,  *'  that  if  any  one  can  prove, 
that  Jelf^confcioiijnejs  depends  on  a  fpherical^  cu- 
bical, pyramidical,  or  any  other  material  fomrii 
you  may  s^dmit  this  faculty  as  depending  on  a 
phyfical  whole." 

Not  tired  with  comparifons,  our  materialillt 
clfewhcre  compares  the  uniiy  of  the  foul  to  that  of 
a  colledtive  number  of  moral  beings,  as  of  ftaies 
and  focieties^  which,  though  compofed  of  feVeral 
members,  have  a  fpccies  of  unity.  Here^  as  in 
the  comparifon  he  drew  from  found,  the  materid* 
lift  is  really  pleading  qur  caufe,  and  this  infbutce 
is  ftill  far  Icfs  to  his  purpofe  than  the  former ;  €ht 
as  the  unity  of  man  can  only  be  perceived  and  com- 
pared to  itfelf,  if  this  unity  was  a  compound,  each 
of  the  parts  muft  have  the  property  of  the  whale, 
that  v&^felf^confcioufnefs.  For  the  colledive  iharal 
beings,  to  which  the  mat^rialift  compares  us,  have 
a  common  unity ^  becaufe  each  of  the  members  has 
.a  unity  pf  it's  own. 

The  unity  of  confcioufnefs  is  infeparable  from 
every  mode  of  perception ;  whenever  /  perceive^ 
or  whenever  I tbink^  a  fcntiment.arifes  within  mc, 
which  tells  me  that  it  is  /  that  perceive,  and  / 
that  think.  Thus  to  feel  is  to  be  confcious  ;  con^ 
fcioufnefs  tells  mc  that  /  who  now  am^  am  the/tfw^ 
perfott  who  ^v/j  ycllerday,  the  day  before,  and  fo 
on  ;  it  conncdls  the  paft  with  the  prefent,  and  can 
only  rclidc  in  a  Ipiritual  undivided  fubftance. 

Having  finifhed  my  remarks  on  the  notions 
of  a  modern  matcrialift,  I  have  only  to  regret  the 
occalion  of  them,  and  to  hope  that  ere  long  the 
fidions,  fophiftry,  and  errors  which  encompafs  his 
mind,  may  be  removed,  and  that  he  may  return  to 
the  faith  once  delivered  to  the  faints.  In  the  mean 
while,  on  our  parts  let  us  contemplate  him  with 
the  greateil  compallion,    remembering  that  diC- 

cernment 
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cernment  is  alone  clear  and  unerring  in  the  su- 
preme MtND ;  all  whofe  ideas  are  pure  and  perfect^ 
whofe  power  is  conftant  energy^  and  whofe  eye  is 
intelleaual  light  itfelf,  unobftrufted,  unbroken,  and 
unclouded  by  any  of  it's  objedts.  Bur  the  eye  of 
man*s  reafon^  how  Ihort-fighted  and  weak  it  is; 
through  what  a  medium  of  falfe  colourings,  and 
with  what  interrupted  glances  it  difcerns  the  few 
objefts  to  which  it  is  di reded;  and  how  frequently 
ind  how  grt^lly  man' s  judgment  errs,  is  well  known  • 
to  every /air  mind,  who  has  had  experience  of  her 
particular  and  private  felf ;  and  has  converfed  wich 
truth  and  right  reajon  intimately  as  with  friends, 
yet  mcdejlly  as  a  di/ciple  with  his  teachers,  and 
fimply  as  a  child  with  his  natural  parents. 

Of  THE  Unity  of  the  percipient  Bei^g. 

As  the  unity  of  the  percipient  being  is  the 
argument  at  which  matcrialiils  in  general  aim  all 
their  forces,  knowing  that,  if  this  be  allowed, 
their  fcheme  falls  to  the  ground  of  itfelf;  knowing, 
that  it  is  as  it  were  an  egis  impenetrable  againftall 
their  monftrous  endeavours  to  form  the  foul  of  man 
by  an  aifcmblage  of  material  parts  ;  I  ihall  there- 
fore endeavour  to  place  it  before  you  in  difl'crent 
points  of  view,  and  in  different  manners;  thus 
the  arguments  which  might  efcape  your  attention 
under  one  form,  may  have  their  due  weight  under 
another. 

Let  a  man  lofe  a  leg  or  an  arm,  or  an  eye  or 
an  ear,  he  ftill  continues  the  fame  man,  an  d  holds 
his  rank  upon  the  Jilt  of  beings  as  he  did  before; 
whatever  can  be  fcparared  from  him,  he  may  look 
upon  as  a  pofleflion,  an  inftrument,  or  a  n  organ 
of  conveyance.  But  that  alone,  which  remains 
after  al|  imaginable  feparation,  is  prope;rly  him- 

^efides^ 
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Befidcs,  our  organs  have  their  feparate  of-* 
fices,  not  intcrchangfdhlt  with  one  another*  The 
eye  u  hich  /rvj  cannot  bear^  and  the  ear  which  hears 
can  never /^r;  but  thcfe  being  numerically  dif- 
tind,  if  they  were  the  perceptive  fubftance,  it 
would  follow,  that  what  fees  is  a  different  thing 
or  fubftance  from  that  which  hears.  Therefore, 
they  can  only  be  channels  of  conveyance  to  fomc 
one  individual  thing;  for  no  man  can  doubt  that 
it  is  the  fame  himfelf  which  fees,  and  hears,  and 
receives  all  the  perceptions ;  and  we  cannot  con- 
ceive this  felf  divilibic,  becaufe  what  might  be 
taken  away  upon  divifion,  would  not  be  him^  for  , 
he  cannot  be  parted  from  himfelf.  fl 

Compound  bodies  coniifl:  of  parts,  havin^^ 
the  fame  natureand  primary  proportion  with  them- 
fclves;  nor  is  it  conceivable,  that  any  afFortment 
of  unfolid  or  immoveable  parts  ihould  form  a  fo- 
lid  and  moveable  body.  For  if  compoiition  pre- 
vailed in  mind,  every  /i"//*  muft  contain  a  number 
of  little  felves,  every  mind  many  little  minds,  and 
every  fcnticnt  principle  a  multitude  of  fentienc 
principles.  But  this  is  a  propofal  that  will  not 
bear  mentioning,  for  who  Mould  not  be  fliocked 
Co  hear  talk  of  a  half  or  a  quarter  of  a  man's  fclf? 

To  avoid   this  abfurdity,  fomc  have  aflcrted,  ■ 
that  felj\  miud^  or  a  percfpiive  being,  may  be  pro-" 
ducud  by  a  combination  of  unperceptive  princi- 
ples.  Not  to  urge  that  in  this  cafe  a  creation  may 
be  eifecled  by   compounding,  let  us  remark,  that 
upon  fuch    a  combination,    the  p^rts  confidered 
limplji    cannot  have,  lYor   are   they    pretended  to^ 
have,  any  other  properties  than  they  poiklfed  bc-^ 
fore ;  neither  can  they  club  to  take  their  fevcral 
fliares  of  a  perception;  for  perception  has  not  parts^ 
without  parts,  and    therefore  cannot    be  received S 
piccc-tncal;  but  the   perceptivity   rcfidcs    in   the 
whole  compound  jointly, — Now  it  feems  very  hard 
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i  haw  a  collctflionof  diftinclfubftanccs, 

icvcry  compound    inuft  be,  can  perceive 

hi  is  not  perceived  by  each   of  them,     1  can 

a  unolc  camp  ro  hear  the  evening  gun, 

.cr>  man  in  the  camp  hears  it;  but  I  rd;r- 

U^mprebend  how  they  can  all  hear  a  found  that 

iV  perfon  ;  nor  can  I,  for  my  life, 

■:cn  their  all  hearing  it,  and  every 

jte  d1  them  hearing  it.     1  can  no  more  compre- 

nd  hou  an  imperfedl  vvhifper,  heard  by  twenty 

ifans,  fliall  become  an  audible  voice,  than  how 

"ican  alPhear  a  found  heard  by  none  of  them 

If  the  mind  be  a  compound,  then  upon  fomc 
hhc  parts  being  flipped  away,  and  others  fub- 
Ktutcd  in  their  room,  though  it  might  ftill  remain 
^amind,  it  mull:  be  a  difterent  one  from  what  ic 
^fc  before;  and  as  l.ucretiu3  tells  us,  che  mind 
^Rvvs  and  decays  with  the  body,  every  man  would 
rLve  a  different  felf  in  his  childhoodji  his  maturity, 
I   and  his  old  age ! ! 

!^ut  it  may  be  faid,  mind  is  not  fo  much  a 
ion  of  particular  atoms  as  a  figure,  or  har- 
i^mty,  rcfulcingj  from  the  order  wherein  they  lie, 
may  theret'orc  continue  the  fame,  although 
nc  or  all  of  the  atoms  be  Ihifted.     For  if  you 
ce  twelve  fliillings  in  a  circle,    change  your 
Ilings  as  often  as  you  pleafe,  you  do  not  alter 
figure,  which  ftill  remains  a  circle.     But  what 
I  becomes  of  our  own  exiflcnce?  For  form  ha^ 
Be,  but  is  only  a    modification,  or  particular 
[icr  of  cxiftencc  in  body;    and  harmony  has 
pc,  being  nothing  more  than  the  concordance, 
nutual  congruicy  of  founds,as  perceived  by  mind* 
1  cannot  conceive  it  pofTible,  that  percepti- 
^  be  annexed  to  a  fyftem,  by  which  muft 
.._iiood  a  compofition  of  matter:  ic  muft 
Vui.  IIL  G  refidc 
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asdiftindt  from  each  other  as  the  particles ;  and 
if  indefinitely  diviiible,  there  is  fuch  a  confu- 
fion  of  perceptions  as  is  too  abfurd  fgr  any  thing 
but  a  jcft. 

But  if  matter  be  reducible  to  atoms^and  cvoyi 
atom  fuppofcd  to  perceive,  I  would  a(k,  howatomt; 
can  be  organized,  fo  as  to  hear,  fee,  fmell,  &C^ 
And  if  orgunization  be  neceflary  to  perception ift: 
matter,  either  fuch  perception  arifes  entirely  nctj 
on  the  organization,  or  the  organization  only  gif«l 
a  liberty  of  aiJtion  to  the  perception  that  was  prior 
and  diftindly  latent  in  every  part. 

But,  if  on  the  former  fuppolition,  fuch  perccp-j 
tion  be  folely  produced  by  the  organization  or  nw*i 
dification,  you  muft  remember,  that  organization^ 
and  modification,  however  exquifite  or  mechani- 
cal, are  ftill  no  other  than  a  mode  of  form  or  fi* 
gure,  the  moft  extraneous  and  incidental  of  any 
property  of  matter ;  whereas  perception  is  die 
moft  fimplo  and  abfolute  of  any  thing  we  know, 
and  by  which  alone  we  know  all  that  we  do  know* 
Such  an  hypothcfis,  therefore,  carries  in  itfelf  the 
moft  palpable  contradiction  and  confutation,  as  it 
makes  what  is  fimple,  abfolute,  and  invariable, 
to  be  produced  by  ,what  is  compound^  precarious, 
and  changeable. 

But  if  it  be  alledged,  that  by  the  organization 
the  parts  become  fo  loving  and  neighbourly,  as  by 
Iharing  the  perception  of  each  other,  to  make  one 
amicable  union  of  the  whole,  each  part  muft  dill 
retain  it's  proper  right  to  it's  portion  of  percep- 
tion ;  and  if,  upon  any  accident,  a  member  of  the 
r^ftcm  be  lopped  off,  a  piece  of  fuch  united  per 
ct  prion  being  gone,  v/e  have  only  a  piece  of  per 
ception.  And  thus  perception,  the  moft  limpl 
of  all  units,  muft  be  daily  and  hourly  divided  b 
the  perpetual  flux  of  matter. 

Thu 


Utter, 

Thus,  if  the  intelligence  within  us  was  cor^ 
porcaI»  what  one  part  knows  would  be  unknown 
to  the  other  ;  we  could  not  compare  nor  unite  our 
ideas,  fo  as  to  make  propofitions,  nor  thefe  propo^ 
fttionsj  fo  as  to  form  arguments,  nor  thefc  argu- 
ments, Co  as  to  form  one  continued  difcourfc.  All 
the  operations  of  comparing,  uniting,  and  com- 
pounding our  ideas,  fuppofe  one  individHj!^  indivi^ 
fiiU^fdf-^cotjfious^  fpiritual  being.  Moreover,  we 
hear,  fee,  tafte,  touch,  and  fmcU,  by  live  different 
organs  ;  and  thefe  fcnfations  are  as  different  as-  the 
organs  themfelves;  yet  they  are  all  united  la  the 
fame  fubffance  which  compares  them,  judges  of 
'  em,  and  diff  inguifhcs  between  them.  The  change 
_  form,  bulk,  and  place  in  organized  or  unorga- 
mzcd  bodies,  does  not  alter  the  intimate  clTcnce  of 
things,  and  therefore  cannot  add  to  them  a  new 
and  diiTimilar  property.  Intelligence  is  a  per  fee- 
lion,  non  intelligence  adcfecl ;  fo  that  it  is  abfo- 
Ititfly  impoffible  that  what  is  unintelligent  ami  in- 
fcnrtbic  before  organization,  can  become  intelli- 
gci^t  and  fclf-confcious  by  organization;  bccaufc 
anization  docs  not  alter  the  nature  of  things. 
Inufs  of  numberlcfs  fubti!,  invifible,  and  unin- 
lligent  polygons,  fpheres,  cylinders,  pyramids, 
any  orher  fmall  folids,  cannot  become  intelli- 
gent and  ftlf-confcious  by  organical  ffrudure. 

Thus  the  poet:  Where  can  this  foul  then  take 
it's  birth  ?  Not  fure  from  matter,  from  dull  clods 
of  earth,  but  from  a  living  fpint  lodg'd  within, 
rhich  governs  all  the  bodily  machine,  juft  as  the 
eighty  univcrfal   foul  directs  and  animates  the 


Ccafe  then  to  wonder  how  th'  immortal  mind 
can  live,  when  from  the  body  quite  disjoined;  but 
mher  wonder  if  Ihc  e'er  could  die,  fo  fram*d^  fii 
pillion 'd  for  eternity  ;  felf-mov'd,  nor  form'd  of 
G  3  pans 
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own  clTcnce  lie. 

Having  thus  refuted   the   gloomy   tenets 
matcrialifrnj  let  us  finilh  this  Ledture  with  a  diU 
ferent  theme ;  let  the  confideration  of  the  won^ 
derful   powers   of  the  foul   make   us  attempt   a 
higher  ilrain,   an   hymn  of  praife   to  the  Lok^^ 
OUR  Saviour,  the  joy  of  every  foul  ^  the  defire  <{f  ^^^^ 
naiisns.     For  if  in  the  verdure  of  the  fields,  an(^^ 
the  azure  of  the  fky,  the  unlettered  ruftic  admire 
thy  creative  power,  how  blind  mull  that  man  be^ 
Vi\\o^  contemplating  his  living  ftru(51:ure,  and  ht^H 
inoral  frame,  difcerns  not  thy  forming  hand  !  How^ 
various  and  complicated  the  machinery  of  the  one^ 
how  extcnfi  ve  and  noble  the  powers  of  the  other ! 

How  fublimeare  all  the  faculties  of  the  mine" 
thoughts  that  wing  infinity  ;   apprchenfions  tha 
reach    through   eternity;    a  fancy   that   crcatcsj 
an  intagination   that  contains  a  univerfe;  wifhc 
that  a  world  hath  not  wherewithal  to  fatisfy;  de- 
fires  that  kflow  neither  end  nor  bound  !   It  is  cr 
dued  by  thee  with  divine  prerogatives,  inveftc 
with  fpiritual  powers,  and  enabled  to  afpirc  ar- 
dently after  the  felicities  of  heaven. 

Even  while  man  purfucs  happinefs  here  as  hi 
chief  aim,  thou  bindeft  felf-love  into  the  focia 
dircdion;  chou    infufcft   the  generous   principle 
uhich  makes  him  feel  for  forrows  not  his  ownj 
thy  divine  hand  formed  the  connecting  rye,  and  by 
fympathy  linked  man  to  man,  that  all  might  tend 
towards  mutuahiflbciation ;  thy  wifdom  haseredc^ 
within  him  a  throne  for  virtue  ;  but  thou  haft  noi 
decked   her  with    beauty  only,  but  haft   throwi 
around  her  the  awful  etfulgence  of  divine  autho- 
rity ;  and  yet  thou  haft  left  him  a  field  open  fo(H 
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free  and  generous  action. 


in  which,  performing  ar 
^lorious^ 
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glorious  courfc,  he  may  attain  the  high  reward 
by  thee  allotted;  thou  entcrtaineft  him  with  all 
ihc  glories  of  the  material  world,  and  cnableft  him 
to  penetrate  into  the  recelFcs  of  nature.     It  is  thou 
that  giveft  to  all  bodies  their  forms  and  their  mo- 
tions, to  all  fpirits  their  reafon  and  their  virtues ; 
it  is  from  thee  that  every  thing  Hows,  it  is  in  thee 
that  every  thing  exifts,  it  is  by  thee  that   every 
thing  lives,  and  to  thee  alone  Ihould  all  things  be 
referred*     We  fee  thee  exifting  in  wifdoni  and  in 
benevolence  both  fuprcmc*     As  fpots  in  the  fun's 
bright  orb,  fo  in  the  univerfal  plan  fcattered  evils 
are  loft  in  the  blaze  of  fupcrabundant  goodnefs. 
Even  by  the  refearch  of  human  reafon,  weak  as  it  is, 
thofe  feemingevils  continuallydiminilh  andflyaw  ay; 
and  objects  fuppofcd  fupcrfluous  or  noxious  aflTumc 
a  benericial  afpeiit.     How  much  more  to  thine  alU 
penetrating  eye  muft  all  appear  excellent  and  fair! 
It  mull  be  fo,  we  cannot  doubt ;  neither  imperfec- 
tioa  nor.  malice  dwell  with  thee  ;  thou  appointeft 
as  falutary  what  we  lament  as  painful.      Even  the 
follies  and  vices  of  men  adminifter  to  thy   wife 
defigns;  and  as   at  the  beginning  of  days,  thou 
faweft,  fo  thou  feeft,  and  pronounccft  ftill,  that 
tiery  thing  ibat  thou  haj]  mad^  is  good, 

Nc^v  tcr  fee  through  a  glufs  darkly ,  and  know 
hit  in  part,  but  <hc  time  comcth  rohen  we  fljall 
inxtw  even  as  we  are  known.  We  fliall  then  fee 
Jhingsin  that  facred  uncreated  light,  which  i>ermits 
no  error,  which  admits  of  no  obfcurity.  Then,  O 
Almjghty  God,  all  that  thou  art  now  doing,  all 
that  ihou  haft  done,  w  ill  be  found  harmoniouny 
Jauiiful,  and  divinely  worthy  of  thee,  it's  great 
id  facred  Lord,  Then  will  thy  creation  and  go- 
vernment appear  fublimcly  wufc  to  the  purified 
9^  of  man;  and  what  now  bewilders  and  perplexes 
^jwhat  cannot  now  be  comprehended  by  us,  will 

G4  be 
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be  fccn  in  all  it's  unerring  reHitude^  will  bla 
forth  upon  lis  in  the  clearnefs  of  it's  holy  fplei 
dor,  and  we  fhall  join  with  angels  and  archangc 
in  declaring  that  heaven  and  earth  are  full  of  tl 
glory.  • 

f  Lord  Kaims— Comyns's  Sermoni, 
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LECTURE    XXVI. 
On  Mechanics, 

ONE  of  the  firfl:  arts  men  had  occafion  to  prac- 
tife  was  that  of  mechanics  ;  it  was  therefore 
ftudied  in  the  carlieft  ages  of  the  world.  PofTetTing 
j  \cry  little  theory,  what  knowledge  they  acquired 
'  was  more  the  refult  of  experience  than  reafoning, 
J  having  neither  any  methods  of  working,  nor  in- 
struments to  Mork  with,  but  what  they  murt  firfl: 
^■Dvent ;  their  progrefs  was  flow^  their  pcrforra- 
^■bices  rude  and  imperfecfl. 

'        We   hear  therefore  of  no  conlidcrable  me- 
chanical inventions  for  a  long  feries  of  ages ;  the 
Jfr/f  we  find  mentioned  arc  in  the  book  of  Genejh  s 
ere  we  find  that  fhips  were  as  old,  even  on  the 
editerranean,   as    the  days   of  Jacob.      In   the 
time  of  Saul,  1070  years  before  Christ,  wc  find 
ihc  Philiftines  bringing  30,000  chariots  into  the 
field;  in  1030  before  Chrift,  Amnion  built    tall 
md  long  fiiips  with  fails,  on  the  Red  Sea  and  the 
Mediterranean ;    about   800   years  before   Chrift, 
Uzziab  made  engines  to  be  on  the  towers  and  on 
the  bulwarks,  to  flvoot  arrows  and  great  ftones. 

Corn-mills  were  of  early  invention,  for  in 
Deuteronomy  we  find  it  was  not  lawful  for  any  man 
to  pledge  the  nether  or  the  upper  milUftone.  In 
Jeremiah  we  read  of  the  potter's  wheel.  The 
Works  of  Archimedes,  who  lived  about  200  years 
before  Chrift,  would  alone  atford  fufiicient  matter 
for  a  volume  ;  fome  of  his  difcoverics  appear  fo 
much  above  the  reach  of  men,  that  many  among 
the  moderns  have  found  it  more  cafy  to  doubt 
their  exiftencc  than  to  imitate  them.  His  name 
ftill  occupies  the  foremoft  ranks  in  the  fcience 
ofmathcmatics.     By  mechanical  knowledge,  he 

alone^ 
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alone,  for  three  fucceflive  years,  fupported  the  tot- 
tering towers  of  Syracufe,  and  baffled  the  attempts 
of  the  Romans.  MarccUus  admired  the  fuperior 
fcience  of  Archimedes :  he  inftrucfted  the  Romans 
to  refped:  his  fafcty,  but  the  impatience  of  a  fol- 
dicr  proved  fatal  to  his  life. 

It  is  not  eafy  at  this  diftance  of  time  to  con- 
ceive the  nature  of  their  machines,  or  fay  how  they 
reared  their  bulky  towers  150  feet  in  height/  and 
60  in  circumference,  with  a  battering  ram  at  the 
bottom  fufficient  to  beat  down  walls,  with  a  draw- 
bridge in  the  middle  to  be  let  down  upon  the 
wall  of  thQ  attacked  city  ;  and  at  the  top  a  body 
of  men,  who  being  placed  above  the  beiiegedj 
harrailcd  them  without  danger. 

It  W'Ould  be  endlcfs  to  enumerate  the  infiances 
of  their  mechanical  abilities.  Italy  is  filled  with 
monuments,  and  the  ruins  of  monuments,  which 
aid  us  in  comprehending  the  refources  and  genius 
of  the  ancient  Romans.  The  ftones  which  are 
laid  upon  the  tops  of  the  pyramids  of  Egypt,  each 
of  which  are  as  large  as  a  I'mall  houfe,  create  even 
wonder  in  a  modern  mechanic,  and  teach  him  to 
reverence  the  fuperior  arts  of  antiquity. 

*'  Ignorant  of  the  numerous  arts  which  de- 
pend on  mechanical  knowledge,  man  would  exift 
as  in  a  defert,  comfortlefs  and  untbcial,  little  fupe- 
rior in  enjoyment  to  the  lion  and  the  tyger,  but 
much  their  inferior  in  ftrength  and  fafety."  Aided 
by  thefe  the  fields  are  tukivated,  the  wikdernefs 
becomes  a  garden,  ftrength  is  given  to  the  fortrefs, 
and  elegance  to  the  palace ;  and  man  beholds  him- 
felf  far  removed  from  thofc  animals,  to  whom, 
while  in  a  Jtate  of  nature,  he  fcems  nearly  allied. 

But  if  the  exertions  of  our  mental  powers  in 
giving  rife  to  the  arts  are  thus  worthy  of  attention, 
it  is  furely  proper  to  devote  a  few  minutes  in  fur- 
vcying  the  works  of  th^  divine  mechanic;  here, 

which 
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which  foever  \vay  you  tnrn  yourfelvcs,  you  will 
[fiiul  the  clcarelt  footftcps  of  omtiifcience, 

Conlidcr  then  your  creator  determining  the 
precifc  number  of  fubflances  ;  allotting  properties 
and  capacities,  fitted  to  complete  the  grand  dcfign 
k  had  in  view  i  forming  the  plan  of  a  world  which 
I^Uaii  to  laft  for  ages,  n^  ith  infinite  varieties  and  fuc- 
ccffivc  changes ;  m  here  every  particle  muft  have 
Srs  appointed  ftation,  every  motion  it's  determi- 
[nate  direction  and  velocity  t  calculating  at  one 
jlanceall  the  combinations  they  will  run  into^  the 
Ipccics  of  compound  they  will  produce,  their  fe- 
icondary  operations,  and  mutual  aftc^ions. 

How  ftupendous  muft  be  that  ziu/dom  which 

direfted  infuutc  pozicr,  and  by  which  every  thing 

[v-Tts  eftablifiied  in  numltrr,  wagbl,znd  mea/ure  ! 

[God   knew   the  cxac'l  quantity  of  hiviftble  force ^ 

P whereon  fermentation,  heat,  explofion,  repulfion, 

and  all  the  different  kinds  of  attraction  depend, 

lyhich   if  it  had  been  greater  or  lefs,  would  have 

ccn  productive  of  infinite  difordcr. 

'  He  proportioned  the  elements,  thtt  none  of 
bem  might  either  predominate  or  fall  deficient, 
nd  contrived  fprings  for  mingling  them  together 
> concur  in  performing  their  feveral  talks  ;  he  ap- 
Hnccd  the  degree  of  influence  in  the  fun  and 
noon,  the  inequalities  of  the  earth,  the  rife  of  ex- 
ibtions,  the  varieties  of  foils,  and  other  caufes, 
jfhich  bring  on  the  change  of  feafons,  the  vicifli- 
pdcs  of  the  weather,  and  various  other  difpofitions 
iheair,  caufing  tlie  earth  to  yield  her  increafc 
idtic  fcafon,  neither  redundant  nor  wanting- 
He  contrived  the  curious  ftructrure  of  vege- 
tables^  the  more  admirable  organization  of  ani- 
naU,  where  every  vcflcl,  gland,  fibre,  &c-   per- 
jrms  it's  appropriate  office  for  the  growth  and 
fcrvatioQ  of  the  whole.     He  adapted  the  con- 
texture 
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Change  is  therefore  a  neceflary  part  of  the 
definition  of  motion,  it  marks  the  genus  of  the 
thing  defined.  Motion  is  a  change ;  but  as  there  are 
many  fpecies  of  change,  w  hich  of  thofe  fpecies  is 
motion  ?  The  anfvver  is,  change  of  place.  This 
marks  the  fpecies,  and  dilHnguilhes  it  from  change 
of  colour,  figure,  t^c. 

We  cannot  conceive  of  any  acftual  motion^, 
without  combining  together  thefe  three  ideas,  a 
leing  which  moves,  a  place  in  which  that  being  is, 
and  the  change  of  that  place. 

In  motion  is  therefore  fuppofed  the  fuccejUtve 
prefencc  of  the  thing  moved  in  different  parts  of 
/pace  ;  therefore  in  our  ideas  of  motion  are  in- 
volved the  ideas  of  space  and  time. 

In  treating  of  motion  we  have  therefore  to 
confider,  i.  The  power  or  force  which  caufes  the 
motion.  2.  The  fubftance  moved.  3.  The  fpacc 
paflcd  over  by  the  moving  body.  4.  The  time  or 
duration  of  the  motion. 

Space  is  the  place  of  every  exiftence ;  it  is 
diftinguiftied  into  abfolute  and  relative,  or  place 
and  fituation. 

We  do  not  perceive  the  abfolute  place  of  any 
obje(5h  A  perfon  in  the  cabin  of  a  fhip  does  not 
think  that  the  table  changes  it's  place^  if  ilr remains 
fafl:encd  to  the  fame  part  of  the  deck. 

We  acquire  our  notion  of  time  by  means  of  a 
fucccflion  of  events. 

T^imc  is  unbounded,  continuous,  unchangeable 
in  the  order  of  it's  ^rts,  homogeneous,  and  inde- 
finitely divifible. 

There  is  fo  great  an  analogy  between  the  af- 
fe(flions  of  time  and  /pace,  that  in  moft  languages 
the  fame  words  arc  ufed  to  exprefs  the  affedlions 
of  both.  Hence  it  is  that  time  may  be  expreffcd 
by  lines,  and  meafured  by  motion. 

The  boundaries  between  the  fucceffive  portion 

of 
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may  be  called  injlanis^  and  very  fmall  por- 
i  of  it  may  be  called  momcnn. 
Time  may  be  diftinguiflicd  into  abfoluie  and 

Wc  perceive  not  the  ahfolute  time  of  any 
bit|  but  only  iVs/ca/on,  in  relation  to  fome  other 

All  things  are  placed  m/pace^  in  the  order  of 
fixation. 

AH  events  happen  in  time^  in  the   order  of 
cceffion. 
No  motion  is  inftantancous. 
In  the  pafTage  of  a  moving  point,  from  one 
[  of  fpace  to  another,  it  pafles  through  all  the  m- 
[icdiate  points  of  it's  path, 
/Ihjolute  moiion    is   the    change  of  abfolute 
ice. 
Rfliitive  motion  is  the  change  of  {icuation. 
The  abfolute  and  relative  motions  of  a  body 
py  be  dificrent  and  even  contrary* 

The  relative  motions  ol  bodies  are  the  differ- 
pcs  of  their  abfolute  motion. 
The  real  and  abfolute  motions  of  bodies  are 
BctcQcd  by  means  of  obfcrvations  made  on  their 
"itive  motions* 

Motion  is  fufceptible  of  varieties  in  qiiantiiy 
I  ill  direSiion* 
Our  fenfes  ilo  not  tcftify  the  abfolute  motion 
tirabfolutc  rert  ot  :iny  body.     When  one  body  vq^ 
Jimcs  from  another^  this  may  be  difcerntd  by  the 
"*       :  but  wliethcrany  bouv  keeps  the  fame  part 
bfolutc  fpacc,  vedonot  perceive  by  our  fenfes. 
ken  one  body  ftcm^  to  remove  from  anotlier,  we 
infer  with  ceruiinry  that  there  is  ahfolute  mo- 
I;  but    \^hether  in  the  one  or  the  othcr^  or 
vx\y  in  both,  is  not  difcernible  by  fenfc. 

A  man  fitting  in  1  barjje  in  motion  is  rcla- 

Wy  at  rcrt,  that  is^  wiih  refpeA  to  the  parts  of  the 

Vol,  ill.  H  barge ; 


^R      Lectures  on  Natural  PHTLOSopirif. 

barge;  but  abfolutely  in  rtiotion,  being  removed  with 
the  veffel  from  one  part  of  fpace  to  another.  On 
the  contrary,  the  bargeman,  who  fixes  a  (VafF  in  the 
ground,  and  gives  motion  to*  the  barge  by  walking 
atong  the  gun-wale,  is  abfolutely  at  reft,  for  the 
ftaffagainft  which  he  leans  is  fixed;  but  relatively 
in  motion^  fincc  with  refpedl  to  the  barge  he  walii 
from  one  end  to  the  other.  But  if  the  earth  be 
fuppofed  in  motion,  the  abfolute  motion  of  the 
barge  and  it's  contents  will  be  compounded  of  if  s 
relative  motion  together  with  the  abfolute  motioft 
of  the  earth. 

That  afFedlion  of  motion,  by  which  we  deter- 
mine the  quantity,  is^ called  velocity.  This  term 
cxprefles  the  rate  at  which  the  time  increafOr 
compared  with  the  rate  at  which  the  fpace  in- 
creafes :  or,  velocity  is  that  property  of  motioHr 
by  which  the  moving  body  runs  through  a  certain, 
fpace  in  a  determined  time.  We  cannot  gains 
diftindl  idea  of  velocity,  without  combining  to- 
gether thofe  of  fpace  and  time  :  thus,  in  the  cafe 
of  a-  traveller,  you  know  the  qjuicknefs  of  his  pace 
is  meafured  by  the  fpace  he  has  gone  over,  and  the 
time  he  has  employed  in  going  over  it. 

The  DIRECTION  of  a  motion  is  the  pofitionof 
the  line  along  Svhich  it  is  performed.  When  the 
motion  is  curvilincal,  the  direction  at  any  inftitf 
is  the  pofition  of  the  tangent  to  that  point  of  the 
curve  where  the  moving  point  is  fituated. 

The  term  matter  is  ufcd  to  exprefs  that  fu&* 
fiance  of  w  hich  all  things  that  affedt  our  corporeal 
lenfes  arc  compofcd. 

Bodies  are  penetrated  by  other  bbdies-  without 
any  removal  of  their  parts,  in  confequence  of  thcif 
porofity;  and  therefore  under  the  fame  vifible 
extcnfion  there  may  be  difi'crent  quantities-  •§ 
matter. 
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*tht  vifitU  fxtcfffioft  occupied  by  any  body  h 
'  it's  valume  or  iuik. 
The  .'  '       tfcir  in  any  body  is  cUi« 

cd  bv  j-  I  this  h  often  termed  the 


Thus  a  pound  of  gold  and  a  pound  of  cork  arc 


iaa!  ma/f, 


they 


of 


contain  the  (lu 
pondcrating  materials  §  yet  they  are  of  very  une- 
qual volume. 

Denjity  is  a  term,  which  inftridncfs  of  language 

cjprcflcs  the  vicinity  of  plrticicsi  but  in  commort 

Unguage  it  cxprcfTes  the  quantity  of  gravitating 

iinattcr  contained  in  a  certain  magnitude  or  volume. 

lis  one  body  is  faid  to  be  more  denfe  than  another 

it  contains  more  gravitating  matter  in  the 

fpacc;  hence,  as  this  quantity  of  matter  in  any 

lyis  proportional  to  it*s  weight,  that  body  is  the 

oft  dcnfc  uhofc  fpecific  gravity  is  grcateH* 

Bodies   of  the   fame   denlicy    contain   equal 

[iriiies  of  mactcr  in  the  fame  volume- 

If  the  volume  of  two  bodies  is  equal,  their 

ifitics  are  as  their  weight  ;  if  the  denfity  of  one 

double   chat  of  the  other,  it*s  weight   is  alfo 

double. 

If  two  bodies  have  the   fame  denfity,  their 
:  are  to  each  other  as  their  volume  ;  ex.  j;r* 
volume  of  A  is  double  that  of  B,  and  their 
iities  arc   equal,   A   will  be  twice  the  weight 
B. 

Hence  ibt  quantity  ^matter  in  hdits   is  /aid 
Vein  a  compmnJ  raltQ  If  ibar  dcnjUies  and  mag* 
ft. 

\  the  denfity  of  hodiei  to  ie  in  a  compound 
h^ftbrir  mafi  diulily^  and  if  their  voinme  in^ 

AH  changes  of  motion  arc  cotifidered  as  indl- 
lofis  and  charaOteriHics  of  adivc  caufes. 
That  which  caufes  a  change  in  the  {late  of 

inotioi: 
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pended  by  a  loadfton^,  or  a  ftrlng.  The  knowq 
ibrce  is  conceived  to  be  oppofcd  b>%  another  forcc^ 
of  which  the  cxiflencc  and  agency  are  dctCiSed, 
and  the  kind  (^nd  quantity  by  this  m^ans  deter- 
mined. 

Of  simple^  real^  uniform^  rectilineal  Motion, 

I  confidcr  as  f^niplc  that  motion  which  is  pith 
duccd  by  one  force  ^Qing  inftai^taneoufly  on  tho 
body,  and  caufing  it  to  defcribe  a  right  line  with 
an  uniform  velocity,  that  is,  defcribing  ?qual 
fpaces  in  equal  times. 

It  will  be  Ihewn  hereafter  that  the^e  is  no 
fmglc  plot  ion  but  what  may  be  confidercd  as  re- 
fuking  from  various  forces,  tending  jointly  ta 
parry  the  piQving  body  to  the  fapie  point ;  and  re- 
ciprocally that  there  is  no  redlilincar  uniform  ipo^ 
t.ion  fo  compounded,  but  what  if  may  be  confidered 
as  produced  by  the  fimple  adion  of  one  force. 

Three  circumf^ancps  are  to  be  confidercd  in 
fimple  motion. 

I.  The  velocity  with  which  the  bo<!(y  move^ 
2.  The  force  confcquent  to  it's  motion.  3.  The 
laws  to  which  it  is  fubjecl:. 

Here  it  may  be  proper  to  obferve,  (agreeable 
to  a  diftindtion  of  Ariftotlc)  that  there  are  twQ 
kinds  of  Quantity,  one  which  may  be  called /ro^ 
fer^  the  otner  improper. 

Proper  quantity  is  that  which  is  meafurcd  bf 
it's  own  kin^,  without  taking  in  any  quantity  of  ak 
difi'erent  kind  as  a  meafure  of  it ;  thus  a  line  is^ 
meafured  by  known  lines,  as  a  foot,  inches^  &c. 

Improper  quantity  is  that  which  cannot  bc 
meafured  by  it's  gwn  kind,  but  to  which  we  aflign 
^  meafure  by  the  means  of  fome  proper  quj^ntity 
that  is  related  to  it;  thus  velocity  of  motion,  when 
pnfidcrcd  by  itfelf,  cannot  be  meafured.     Wc. 

loay 
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may  perceive  one  body  indeed  to  move  fafter,  ano- 
ther flower ;  but  we  can  have  no  diftinA  idea  of  a 
proportion  or  r^j/Ze?  between  their  velocities,  with- 
out taking  in  fome  other  quantity  of  another  kind 
10  meafure  them  by ;  in  this  cafe  the  meafure  i« 
lime.     Having  once  afllgnqd  this  meafure^  w^  can, 
and  not  till  then,  conceive  one  quantity  to  be  dou- 
ble, tripSe,  &c.  that  of  ajnother.     The  meafure  of 
an  improper  quantity  ought  always  to  be  included 
in  the  definition  thereof,  for  it  is  the  giving  it  a 
meafure  that  makes  it  a  proper  fubjedl  of  mathe- 
jnatical  reafoning. 

Tb^  velocity^  as  I  have  already  obferved,  is 

that  property  of  motion   by    which  the   moving 

iwdy  dcfcribes  a  ccrxain  fpace  in  a  determined 

(time. 

'         A  body^moving  has  fo  much  more  velocity  as 

itdcfcribes  a  grcacer  fpace  in  a  given  time,  or  as 

\   it  takes  up  Icfs  time  in  defcribing  the  fame  fpace ; 

■that  is,  the  velocity  of  a  moving  body  incrcafes  in 

proportion  as  the  (pace  is  augmented,  or  the  timedi- 

miniftied.     Mathematicians  exprefs  this  by  faying; 

that  in  uniform  motion,  the  VEtociry  is  directly  as 

tht  fpace yinvcrfely  as  the  time;  and  confequently  that 

the  velocity  is  exprcflcii  by  dividing  the  numbers, 

'  indicating  the  (pace  by  thofe  that  denote  the  time. 

Thus,  if  one  body  (a)  moves  through  a  fpace 

•  of  12  feet  in  1  minutes,  and  another  (b j  through 

hut  6  feet  in  the  fame  time,  the  velocity  of  (a)  is 

'.   double  that  of  (b) .-  tfce  velocity  of  (a)  is  exprefled 

by  6,  that  of  (b)  by  2. 

The  velocities  in  fijual  times  are  therefore  as 
^  fences  defcfibcd  in  thefe  times. 

But  the  velocity  required  to  defcribe  equal 
/paces  are  reciprocally  as  the  time  employed. 

The  velocities  of  two  bodies,  which  defcribe 
ipaces  that  arc  in  the  fame  ratio  as  the  times,  are 
pcfpcftively  equal. 

H4  fbf 
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1 
The  velocities  of  two  bodies  defcribing  fpacci  I 

which  are  reciprocally  as  the  times,  arc  to  each  \ 
other  dircAIy  as  the  fquares  of  the  fpacesj  or  re* 
Ciprocally  as  the  fquares  of  the  times. 

The  SPACES  defcribed  by  a  body  are  as  tbeproduB  \ 
of  the  velocity  by  the  time,  or  in  proportion  of  the  ! 
Jimes  and  velocities  jointly. 

The fpaces  defcribed  with  equal  velocities  m  ' 
^sthc  times.  ] 

The  fpaccs  defcribed  in  equal  times  arc  as  tho  ! 
velocities. 

The  f paces  defcribed  in  times  reciprocallf  , 
proportional  to  the  velocitieSj  are  refpeAivdf  \ 
^qual.  i 

^\itf paces  defcribed  in  times  proportional  to  \ 
the  velocities,  are  to  each  other  as  the  fquares  of 
the  velocities,  or  as  the  fquares  of  the  times. 

The  Ti}.i£s  are  as  the  /paces  diref/Iy,  and  as  the 
velocities  inveyfely.  ' 

The  times  therefore  employed"  to  defcribc 
equal  fpaces  are  reciprocally  as  the  velocities. 

The  tivies  employed  to  defcribe  unequal 
fpaces  with  equal  velocities,  are  refpcctively  as  the 
fpaces. 

The  times  employed  to  pafs  through  fpaccs 
which  arc  proportional  to  the  velocities,  are  rc- 
fpeclivcly  equal. 

The  times  employed  in  defcribing  fpaccs 
which  arc  in  the  inverfe  ratio  of  &he  velocities,  arc 
to  each  other  refpeftively  as  the  fquares  of  the 
fpaccs,  or  reciprocally  as  the  fquares  of  the  velo- 
cities. 

Velocity  is  diftinguiflied  into  relative  and 
abfolute. 

Abfoliite  velocity  is  that  which  we  have  been 
juft  defcribing,  and  is  meafured  by  dividing  the 
fpace  by  the  time  the  moving  body  takes  in  de- 
fcribing th^t  fpacc.  Thus,  to  know  the  velocity  o: 

i^bo^; 
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a  body  that  moves  through  1 5  required  fpaces  in 
3  fcconds,  divide  15  by  3,  and  the  quotient  gives 
the  velocity,  that  is^  the  fpace  defcribed  in  each 
fecond. 

Relative  velocity  is  that  with  which  two  or 
more  bodies  approach  or  feparate  from  each  othcn 

1.  To  render  the  explanation  of  this  fubjcct 
more  fimple,  I  fhall  confider,  firft,  two  bodies 
moving  on  the  fame  line,  fg.  r,  pi.  1,  mecba^ 
nics  ;*  for  this  purpofe,  let  us  fuppofe  two  bodies 
at  the  extremity  of  the  line  A  B,  one  moving  from 
A  towards  C,  the  other  moving  from  B  towards  C, 
and  with  the  velocities  expreffed  by  the  lines  AC, 
BC.  Now  it  is  evident,  that  they  will  approach 
each  other  with  the  fum  of  thcfc  velocities,  and 
eonfequently  that  their  relative  velocity  will  be 
equal  to  the  fum  of  their  abfolute  velocity. 

2.  Again,  fuppofe  two  bodies,  jig.  2,  pL  t, 
placed  at  the  middle  of  the  line  DC,  the  one 
moving  from  A  to  D,  the  other  from  B  to  C.  It 
is  here  alfo  plain,  that  they  will  feparate  from 
each  other  with  the  velocities  cxprefled  by  AD, 
BC,  and  confequeutly  that  their  relative  velocities 
will  be  equal  to  the  fum  of  their  abfolute  velo- 
cities. 

3.  Let  the  bodies  be  placed  on  the  line  A  C, 
Jig.  3, />/.  I,  and  moving  in  the  fame  direction,  A 
moving  from  A  to  C,  with  a  velocity  denoted  by 
AB;  the  body  B  moving  alfo  towards  C,  with  a 
velocity  expreffed  by  B  C.  In  this  cafe,  they  will 
approach  each  other  only  with  the  excefs  of  the 
velocity  of  A  above  B. 

In  the  fame  manner,  the  relative  velocity  will 
be  equal  to  the  difference  of  the  abfolute  velocities, 

if 

•  As  finccthe  firfl  volume  wa$  printed  off,  I  have  come  to 
a  refoluiion  co  bind  the  plates  up  lepardtely  from  the  letter- 
prcfs  ;  ihc  number  of  the  plate  wilUhcrcforc  refer  to  the  fubjc£^ 
|ica;c;d  of. 
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at  the  end  of  the  motion;  and  it  is  the  fame  as  ta 
the  velocity  produced,  whether  the  bodies  be  fcpa« 
xatcd  or  united ;  the  ten  forces  ftill  ailing  upon 
them. 

Wc  muft  therefore  take  in  the  mafs,  as  well  as 
the  velocity,  in  order  to  judge  of  the  force  which 
animate*:  a  moving  body ;  it*s  mafs,  for  thenumbei 
of  parts  pofieffing  a  certain  velocity,  or  given 
force;  it's  velocity,  to  know  the  intenfity  of  the 
force  refidcnt  in  each  of  it's  parts. 

Thus,  let  the  body  ^^  weighing  one  pound| 
have  fix  degrees  of  velocity,  whilft  another  body,  ^, 
of  four  pounds  weight,  has  alfo  fix  degrees  of  velo- 
city; the  body  a  may  be  confidered  as  compofed 
of  four  other  bodies,  each  equal  to  ^,  and  having 
the  fame  velocity;  confequently  the  body  a  has  four 
times  the  momentum,  or  quantity  of  motion,  of  b. 
Multiply  the  mais  k,  equal  i,  by  it's , velocity,  and 
the  produft  is  6;  but  multiplying  the  mafs  ^,  of 
four  pound.^,  by  it's  velocity  6,  the  producit  is  24; 
C7:prc(Ting  the  quantity  of  motion  eftimatcd  by  mul- 
tiplying the  quantity  of  matter  by  the  velocity, 
and  the  Kiormntum,  or  force,  is  confidered  as  in  a 
rjfio  compounded  of  the  quantity  of  matter  and  the 
Tc!'}city. 

As  the  quantity  of  motion  in  bodies  is  as  the 
produft  of  the  mafs  by  the  velocity,  it  follows,  that 
the  velocity  is  as  the  quotient  of  the  motion  di- 
vided by  the  mafs,  and  their  mafs  is  as  the  motion 
divided  by  the  velocity. 

4 X 6  =  24   the  motion; 
i^         =6    the  velocity ; 
^J         ==    4    the  mafs. 

In  computations  relating  to  forces,  motions, 
times,  &c.  the  proportions  of  the  quantities  to  each 
pther  arc  confidered,  and  not  the  quantities  them:* 
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fclves.  In  fuch  computations  therefore,  when  any 
two  quantities  are  compared  together,  we  may  fub- 
ftitute  any  other  two  quantities,  which  ha\6  the 
lame  proportion  to  each  other,  as  numbers,  lines, 
&c. 

1.  It  follows,  from  what  has  been  faid  on  the 
quantity  of  motion,  that  if  the  velocity  of  a  body 
increafcs  whilft  it's  mafs  remains  the  fame,  it's 
force  will  be  augmented  as  the  velocity  is  increafcd; 
or  if  feveral  bodies,  ol  the  fame  mafs,  move  with 
different  degrees  of  velocity,  their  force  will  be  as 
the  velocities  with  which  they  move. 

2.  If  feveral  bodies  are  poflefled  of  the  fame 
velocity,  their  forces  will  be  as  their  maflcs ;  /.  e. 
they  will  have  as  much  more  force  as  they  have 
more  mafs,  being  poflefled  of  a  greater  number  of 
parts  animated  with  the  fame  force. 

3.  That  a  force  being  given,  it  will  produce 
lefs  motion  in  a  body,  in  proportion  as  that  body 
contains  a  greater  number  of  parts. 

4.  That  the  forces  will  be  equal  in  two  bodies, 
when  the  velocities  are  reciprocally  as  the  maflts; 
/'.  e.  when  the  velocity  of  that  which  has  the  lealt 
mafs,  cxcccci  the  velocity  of  that  body  with  the 
greatcit  ma/;,  as  much  as  the  niafs  of  this  exceeds 
that  of  the  U>rmcr. 

It  f4)llo»v=i  from  what  has  been  faid,  that  a 
fmall  bod)  r* /.ly  have  as  much  jnomattum^  or  force, 
as  a  large  oru",  provided  their  velocities  are  reci- 
procally proportional  to  their  malfes.  'J'his  is  one 
of  the  reafoni  that,  flnce  the  invention  of  gun- 
pov.der,  the  battering  rams  of  the  ancients  have 
been  dil'ufed:  for  their  machines  were  large  and 
ponderous,  not  eaiily  moved ;  and  when  moved, 
ading  w  ith  only  a  fmall  velocity. 

The  efiTedl  of  mechanical  engines  depends  in 
a  great  degree  upon  this  prmciplc;  for  if  a  fmall 
weight  is  to  ballancc  a  great  one,  we  muft  con* 
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only  as  unreafonable,  but  as  unneceflary;  there 
being  no  occafion  to  confider  motion  as  the  caufe 
of  it's  own  continuation;  for  motion  is  only  an 
cfFedl,  and  muft,  like  all  other  cfFccfls,  be  referred  to 
it's  proper  caufe.  The  nature  of  motion  will  be 
more  fully  treated  hereafter:  I  (hall  now  only  lay 
before  you  the  fentiments  of  fome  abld  men  on  the 
prefent  law. 

Dr.  //(?yy7^j,*  among  others,  confeflcs  it  cannot 
be  defended,  and  **  believes,  with  the  author  of 
the  Ancient  Metaphylics,  that  feme  ad:ive  prin- 
ciple is  necelfary  for  the  continuance,  as  well  as 
for  the  beginning,  of  motion.  I  know,"  fays  he, 
••  that  many  'NeuHonians  will  not  allow  this:  1  be- 
lieve they  are  miflcd,as  I  myfelf  have  been  formerly 
miflcd,  by  the  expreffion  a  jlate  of  motion.  Motion 
is  a  change,  a  continuation  of  motion  is  a  further 
change;  a  further  change  is  a  repeated  eftecS:,  a 
repeated  cftcd  requires  a  repeating  caufe.  State 
implies  the  contrary  of  change;  and  motion  being 
change,  a  flate  of  motion  is  a  contradiction  in 
terms." 

The  property  of  bodies  to  perfevere  in  a  ftatc 
of  reft  or  motion,  which  is  announced  by  this  law, 
is  ufually  termed  their  vis  inertite^  and  fomctimes, 
in  cafe  of  a  moving  body,  their  vis  injita,  or  inbe^ 
rent  foixe.  '*  Thcfe  terms,  and  the  ideas  conveyed 
by  them,"  fays  Mr.  Robinfon,  profcllbr  of  philo- 
fophy  in  Edinburgh,  *'  arc  inaccurate^  and  fhould  be 
ufed  only  to  c>:prefs  the  neceflity  we  are  under  of 
employing  force  in  order  to  produce  a  change  in 
motion. 

M.  Prony,  inhis  ''Architedlure  Hydraulique," 
Jhews   that   thcfe  terms  are  equivocal,   and   only 
fcrve  to  perplex  and  confufe  the  mind;  that,  igno- 
jcant  of  the  nature  of  force,  and  the  nature  of  mo- 
tion, 

♦  -Bifliop  of  St.  Davids. 
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tioOi  we  fliould  confine  ourfelvcs  to  the  cffcQs 
ekse. 

Mr.  Berrington*  *'  This  vis  inertU^  or  power 
cfrcliftance,  is  generally  laid  to  be  fomething  paf^ 
Jhf:  fomething  uhlch  rcfifts  aftion,  but  docs  not 
n{c\i  a*tl.  However,  either  to  refijl  is  really  to  afi^ 
orclfc  it  is  a  word  void  of  all  meaning,  and  there- 
fore ought  to  be  exploded  from  a  fLicnce  which  is 
not  to  be  amufed  with  empty  words. 

Law*  II.  Every  motion,  or  change  of  motion, 
in  siny  body,  muft  be  proportional  to,  and  in  the 
diredlion  of  the  force  impreircd. 

This    fcems   nothing   more,    than    that   any 

r  i'\ge  ihould  be  proportional  to  the  caufc  pro* 

da  mg  fuch  change;  and,  confidering  motion  as  an 

triwCti  it  will  always  be  found,  that  a  body  receives 

it's  motion  in  the  fame  direction  with  the  caufe  that 

tdis  upon  it.     If  the  caufcs  of  motions  are  various, 

and  in  different  dircdlions,  the  body  acted  upon 

mull  take  an  oblique  or  compound  direftion,  re- 

fd\able  into  two  or  more  fimple  dircdions;  and 

hence  it  will  follow,  that  the  caufc  of  a  curvilinear'* 

motion  cannot  poflibly  be  iimple,   but  mull  arife 

fram  the  joint  etfedt  of  different  caufes  concurring 

at  the  f;ime  inllant  to  act  upon  the  body* 

Law^  III.  Rc-a*;tion  is  always  aqual  to  adion, 
and  contrary  thereto ;  or,  in  other  words,  the  actions 
of  two  bodies  on  each  other  are  always  equal,  and 
irc  exerted  in  oppofitc  diredlions* 

Atlion  and  n'^aflion  are  correlatives ;  one  can- 
not cxift  without  the  other:  rejijiancc^  or  re^af/ion, 
is  a  ncceflary  condition  .to  adtion:  even  atflion  be- 
"  i:s  re-ailion  by  a  mere  change  of  circum- 
ls.  In  other  words,  a  ading  on  /»,  as  it 
determines  ^,  is  faid  to  rt///  as  it  rejijis  the  re-adion 
of  i,  itfclf  re^a^s :  and  confequcntly  every  body 
tbt  acts,  h  at  the  fame  inltan:  a^ii^e   and  rt- 
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If  you  prefs  with  a  finger  one  fcale  of  ah 
lance,  to  keep  it  in  equilibrio  with  a  weight  in  2 
other  fcafey  you  will  find  that  the  fcafe  prefled 
the  finger  acb  againfl:  the  finger  with  a  fof 
equal  to  that  with  which  the  other  fcale  endeavoi 
to  defccnd.  Thus,  alfo,  if  a  man  in  one  boat^ 
draws  another  boat,  h^  they  w^ill  approach  ea 
other  with  equal  quantities  of  motion.  Ifthcco 
be  cut  in  the  middle,  the  part  next  it  will  flybti 
towards  a^  and  that  part  neareil  b  will  go  to  < 
which  would  not  happen  if  the  coid  was  vt 
drawn  towards  a. 

When  .a  horfe  or  horfes  txt  drawing  z  boat 
barge  againft  the  ft  ream  up  the  river,  the  ro 
which  conncds  them  to  the  boat,  draws  the  hori 
as  much  as  they  dcaw  the  boat.  In  other  won 
whatever  motion  the  horfes  communicate  to  t 
barge  or  boat,  they  lofe  an  equal  quantity  tha 
felves:  for  fuppofe  them  to  draw  with  a  fiw 
equal  to  loo,  and  the  force  necelTary  to  keep  t 
cord  tort  be  equal  to  50,  they  will  not  be  al 
to  draw  with  any  more  than  the  remaining  foi 
50;  for  the  fame  force  of  mufcles  and  iinews  whi 
they  exert  in  order  to  drag  the  boat,  would,  if  th 
were  freed  from  the  incumbrance,  enable  them 
go  much  further  than  they  can  go,  in  the  fai 
time,  while  connected  with  the  boat. 

When  a  cannon  is  difchargcd,  the  larifi 
powder  acls  equally  on  the  ball  and  the  breach 
the  gun;  for  the  rarified  air,  expanding  itfelfcvi 
way,  will  equally  prcfs  the  cannon  backwards^a 
the  ball  forwards,  communicating  the  fame  qua 
tity  of  motion  to  each,  though  the  velocities ; 
very  difierent.  If  the  ball  weighs  lolb.  and  1 
cannon  and  carriage  io,ooolb.  the  velocity  of  t 
ball  will  be  1000  times  greater  than  that  of  \ 
i  aanon,  but  the  quantity  of  morion  equal. 

The  rc-adlion  of  the  water  on  the  oar  oc< 

fi( 
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li6As  a  boat  to  iadvance,  and  communicates  to  it  as 
much  motion  as  it  received;  the  fiflies  perform 
by  their  tail  and  fins,  and  aquatic  birds  with 
their  feet,  what  the  waterman  efFecls  with  his 
oar,  the  mutual  adion  and  rc-adlion  impelling 
them  along. 

Birds  fupport  themfelves,  and  pafs  through 
bng  tnufis  of  air,  notwithftanding  the  weight  of 
their  bodies  much  exceeds  that  of  an  equal  volume 
of  the  fluid  in  which  they  move.  If  their  wings 
ftrike  and  pufti  the  air  towards  the  earth,  it's  re- 
aftion  fupports  their  bodies ;  if  the  air  be  puftied 
towards  the  eaft,  it's  re-ad:ion  drives  the  bird  to- 
wards the  weft.  Birds  which  fly  far,  as  the/w^/- 
l^w,  the  falcon,  ^c.  have  generally  fmall  bodies 
and  large  wings,  proper  to  ad  on  a  large  quantity 
of  air;  while  thofe  whofe  flight  is  fliort,  and  for  a 
little  time,  have  fmaller  wings,  and  flrike  the  air 
oftener  than  the  others.  If  you  compare  the  mufcles 
of  a  man's  arm  with  thofe  in  the  wing  of  a  bird, 
you  will  find  that  the  mcft  robuft  ar.d  agile  man 
would  never  be  able  to  move  wings  proportioned 
to  the  weight  of  his  body,  with  a  velocity  capable 
of  fupporting  him  in  the  air. 

Daniel  Bernouilli  propofcs  a  new  way  to  navi- 
gate vcffels,  founded  on  this  principle  of  adion 
and  re-adion.  He  requires  a  tube  to  be  fixed  to 
the  ftcrn  of  a  veflcl,  open  at  both  ends,  and  kept 
conftantly  filled  with  water,  by  means  of  a  pump. 
The  water  running  out  of  the  tube  would  act 
againft  that  in  which  the  veflel  lay;  the  re-adion 
of  tlris  would  pufli  the  velfTel  forward  without  fail 
or  oar.  Jacquier  tried  the  experiment  on  a  fmall 
fcale  with  fucccfs. 
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Of  Compound  Motion.- 

By  eompound  motion^  I  mean  that  whic 
pvroduccd  by-  the  fimultaneous  adtion  of  fe^ 
powers  ading  in  different  diredions. 

The  compqfition  is  not  in  the  motiony  but  h 
powers  or  forces  by  which  it  is  produced. 

.  General  law  of  compound  motion.  Any  1 
folicited  to  Jtiove  by  the  fimultaneous  adion  of  d 
rent  forces  acting  upon  it  in  differ-ent  diredlionsj 
take  a  mean  diredlion  between  what  each  p 
tends-  to  communicate  to  it»  and  will  move 
a  velocity  proportionable  to  the  force  ading 
cacioufly :  for  as  the  body  cannot  move  in  j 
diredions  than  one  at  the  fame  time,  it  muft  r 
in  a  diredion  rcfulting  from  the  combinatio 
the  ading  powers  ;  and  the  intenfity  of  the  i 
it  receives,  will  be  as  the  intenfity  of  the  \ 
fubfifting  in  cach>  independent  of  their  o 
fitions. 

1.  Thus,  if  two  forces  ad  at  the  fame  tin 
any  body,  and  in  the  fame  diredion,  the  body 
move  w  ith  a  velocity  equal  to  the  fum  of  the  ^ 
city  of  the  two  forces  ading  upon  it. 

2.  If  the  two  forces  are  equal,   and  ad 
exadly  contrary  dircdions,  the  body  v  ill  not  m 
as  the  equal  and  oppofitc  forces  of  the  ading 
deftroy  each  other. 

3.  If  the  forces  are  unequal,  but  adin 
oppofitc  dircdions,  the  body  will  move  in  th 
redionof  the  ftrongeft,  with  a  velocity  equal  D 
diflcrcncc  of  the  velocities  in  the  two  given  be 

Proposition.     A  body  aUcd  upon  at  the 
iimCy   by  izio  forces  Zi'hnfe  directiojis  and  inte7\ 
are  rcprefcnted  by  the  fides  of  a  parallelogram^ 
defcribe  ihc  diagonal  in  the  fame  time  it  ivould 

defc^ 
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iefcrihed  either  9f  the  fides  ^  if  it  had  been  impelled 
ij  one  farce  alone. 

Let  the  body  tit  a;,  fig.  4,  ^/.  i,  be  impelled 
by  a  force  aSing  on  it  in  the  di-redion  a  c^  which 
would  caufe  it  to  move  from  a  to  c.     At  the  fame 
inftant  let  it  be  impelled  toward*  i^  by  a  power 
that  will  carry  it  from  a  to  I,  in  the  fame  time^ 
und  ading  in  the  diredtion  ^*.    Complete  the 
parallelogram^  and  draw  the  diagonal  a  d,  and  this 
line  wiTl  reprcfcnt  the  dircdion  and  diftance  the 
body  will  move   in  the  fame  time,  when  aded 
upon  by   both  conjointly.     For  kt  us  fuppofe  a 
trough,  or  tube,  equal  to  ^  ^  in  length,  in  which  a 
ball,  ^,  can  mov-c  freely ;  and  that  in  the  fame  time 
that  the  ball  is  moving  uniformly  from  a  to  b,  the 
tube-is  alfo  moved  unifomrly  from  a  to  r,  but  fo  as 
to  be  always  parallel  to  a  b^  and  with  it's  extre- 
mities to  defcribe  the  lines  a  c^  b  d.    But  the  ball 
has  moved  from  j  to  ^  in  the  tube,  in  the  fame 
time  that  the  tube  has  defcended  to  c  d.    Hence  it 
is  evident,  that  when  the  tube  a  h  coincides  with 
the  line  c  d^  the  ball  will  be  at  the  extremity  d  of 
that  line,  and  that  it  is  arrived  in  the  fame  time  it 
vould  have  defcribed  either  fide.     It  is  obvious, 
that  it  has  alfo  defcribed  the  dia»ronal ;  for  by  af- 
fuming  fmallcr   forces,  and    forming   the  paraK- 
klograms  aefg^  ah  i  k,  &c.  it  will  be  found  at 
every  interval  in  the  diagoiial  of  the  parallelogram* 
It's  motion  is  alfo  uniform,  being  left  immediately 
to  itfclf  after  the  fimukancous  adion  of  the  two 
forces.     The  compofilion  of  motion^  and  the  doilrine 
^fprojefliles^  depend  on  this  propolition. 

The  motions  along  v7  by  a  r,  may  be  called  the 
^f^ple  or  conjlituent  motions;  the  motion  along 
fli,  is  called  the  compound^  or  the  refulting  mo- 
tion. 

IVhen  a  body  is  kept  at  rcjl  by  three  force :\  /''""' 
I J        "  wll 
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will  be  as  ibc  three  fides  of  a  triangle  parallel  to  the 
direHlofis  in  zvbicb  tbcy  afL 

Vox  ihey  are  rcpicrcnted  by  the  diagonal  anc^ 
two  fides  of  the  parallelogram  forming  a  triangl^M 
two  of  whofe  fides  lie  in  rhc  dircdlion  of  two  of  th^^ 
forces,  and  the  fide  parallel  to  the  third  force  i  and. 
if  the  lines  be  drawn  parallel  to  thefc  dircftion^jM 
they  will  form  a  finiihr  triangle,  and  therefor^l 
the  proportion  of  the  fides  will  be  the  fame.  , 

It  follows,  therefore,  that  the  three  forces  wijH 
be  as  the  rcfpedtive  fvdcs  of  a  triangle  ptrpendi^^ 
cul»r  to  which  they  ad't,  becaufc  fuch  a  triangle 
will  be  fiinilar  to  the  other.  The  three  forces 
mull  be  all  dirc8td  to  the  fame  pointy  othcrwi 
ihcy  will  give  the  body  a  rotatory  motion. 

The  eonvcrfe  of  this  propofition  is  true. 
body  a<tlcd  upon  by  three   forces,  proportional 
the  three  lldcs  of  a  triangle  parallel  to  w  hich  they 
;icl,  will  be  at  rcll, 

I  fliall  now  illullrate  this  rcafoning  by  a  pleaf-^ 
ing  experiment*  Here  is  {fig.  \^pl^  2,  mechanirs} 
a  fquare  frame,  the  fides  of  which  arc  divided  into 
equal  parts,  and  firings  arc  drained  from  fide  ta 
iide,  through  the  equal  di\innn3,  forming  a  num-r 
ber  of  ftnallcr  fqaarcs;  a  firing  is  alfo  ftrctch 
from  one  corner,  A,  to  the  other,  1%  of  the  frami 
to  reprcfent  a  diagonal  of  the  fquare. 

At  H  is  a  fixed  pin^  to  which  one  end  of  a  fill 
firing  is  tied,  palling  over  a  pulley  at  C.  A  br; 
weighty  M,  is  fufpcndcd  at  the  other  end  of  the 
firing.  The  pulley  is  guided  by  two  ftrait  pa-* 
rail  el  wires,  ft  retched  between  \\  and  I,  and  may 
be  drawn  from  H  to  I,  by  a  fifing  whieh  pafles  ovcf 
another  pulley,  at  I. 

By  drawing  the  firing  I,  the  puUies  are  move<t 

from  H  to  I,  the  weight  is  raifcd  from  F,  and  the 

center  thereof  dcfcribcs  the  diagonal  of  the  frame. 

'. Noitf 
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Now  the  weight  is  acted  upon  by  two  forces  j  one 
drtermining  it  to  -move  from  F  to  O^  in  the  fame 
rime  that  the  other  moves  it  from  O  to  A.  By 
obeying  both  thefc  forces^  it  defcribedj  as  you  faw^ 
the  diagonal  line. 

Op  th£  Composition  and  Rbsolutiov  of 

F0RC£S. 

A  particle  of  matter  may  be  urged  by  different 
ibfces  at  once^  and  it  acquires  a  motion  in  which 
they  combine  their  influence. 

As  the  motion  which  it  thus  acquires  might 
have  been  produced  by.  the  adtion  of  a  fingle  force, 
thofc  forces>  by  whofc  joint  adion  this  motion  is 
really  produced,  are  conceived  to  have  compofed 
the  force  which  would,  alone  have  produced  the 
feme  motionr.  This  is  called  the  compqfition  of 
forces  s  and  the  fingle  force  which  would  have 
produced  the  fame  motion,  is  called  the  refulting 
f^rce,  the  compound,  or  equivalent  force. 

For  fimilar  rcafons,  any  motion  may  he  con- 
fidercd  as  refulting  from  the  joint  anions  of  two  or 
more  forces.  This  is  called  the  refolution  of  forces  ; 
and  the  forces  which  are  conceived  to  have  pro- 
duced the  motion,  arc  called  //////>>,  or  conflituoil 
fmes. 

Thus,  a*?  the  lines  ah,  ac^  Jig.  4,  pi.  r,  rc- 
prcfcnt  the  cffccl:s  of  the  two  forces,  when  aviting 
feparitely ;  and  a  d  their  effect,  when  adting  con- 
joindy ;  we  may  confider  ab,  a  c,  a  d,  as  repre- 
fcnting  the  forces  themfelvcs:  for  we  eftimate  force 
only  by  it's  etfefts;  and  may  therefore  confider  the 
line  rt  i  as  a  fngU  force,  which  may  cither  be 
divided  into  two,  or  confidcred  as  the  rcfult  of  tzco 
forces,  reprefentcd  by  ^^  ^,  ^  c. 

Therefore,  in  general,  any  body  moving  with 
4  force  reprefentcd  by  the  diagonal  of  a  parillclo- 

1 4  gran)^ 
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gram^  may  be  conHdcrcd  as  compounded  of  th^ 
forces  rcprefented  by  the  fides ;  for  the  motion 
will  be  the  fame  as  if  it  had  been  impelled  by  twcj 
forces  proportionable  to  thofe  fides ;  and  as  upon 
the  diagonal  an  infinite  number  of  parallelograms 
may  be  conftruilcd,  any*  finglc  force  may  be  confi- 
dered  as  compounded  of  more  forces,  and  thus  r^- 
/olved  into  numberlefs  pairs  of  forces,  adtinginthe 
diredlion  of  the  fides  of  thofe  parallelograinsj  and 
proportional  thereto. 

The  pradlice  of  reducing  compound  forces  to 
fimple,  and  that  of  finding  two  of  more  forces 
equivalent  to  one,  is  alfo  called  the  composition 

AND  RESOLUTION  OF  FORCES. 

As  the  two  fides,  ai,  b  d^  of  the  triangle  ahi^ 
fifr.  4,  pL  I,  are  greater  than  a  d,  it  is  plain  that 
the  fum  of  the  two  forces,  acling  fucceflivcly,  is 
greater  than  the  rcfult  from  both,  when  adling  to- 
gether in  different  diredllons;  therefore,  whcnwc 
fubftitute  the  force  a  d,  for  the  two  forces  a  b,  dd, 
it  is  not  becaufe  it  is  equal  to  the  other  two,  but 
bccaufe  it  produces  the  fame  effedl  as  they  do, 
when  adling  in  the  given  dircdlions. 

The  compofing  forces  and  their  effcdl  are  ne* 
ceflarily  in  the  fame  plane,  for  the  diagonal  is 
always  in  the  plane  of  it's  parallelogram. 

As  a  body  fubjedled  to  the  adion  of  two  fimu^ 
taneous  forces,  ncceflarily  defcribcs  the  diagonal 
of  a  parallelogram,  whofeadjacent  fides reprefent  the 
diredlion  and  intcnfities  of  thefc  powers,  while  the 
diagonal  reprefents  the  adlion  of  thcfc  two  powers 
on  the  moving  bodies  ;  you  may  readily  find  the 
line  a  body  will  defcribe,  when  you  know  the  di- 
rection and  intcnfity  of  the  forces  by  which  it  is 
actuated. 

It  is  eafy  to  determine  by  thefc  principles  not 
only  the  cttcct  of  two  forces  acting  at  the  fame 
lin^c  qj:o:i  ^ny  body,  but  alfo  th?it  of  an^  number 

of 
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cf  forc^.     In  order  to  do  this»  firft  find  the  cfTcft 

of  two  forces,  compare  this  firft  ciTcft  with  ano- 

fofcc,  from  this  conriparifon  the  fecond  cfFeft 

fill  be  difcovercd  ;  this  may   be  iifcd  inftead  of 

three  powers  already  examined,  to  compare 

rith  one  of  the  remaming  forces,  and  proceeding 

this  manner  you  will  obtain  the  general  and  laft 

rcfult^ 

As  the  tiro  forces  P,  /»,  fig,  5,  pi.  i,  arc  fuppofed 

Ifuch,  that  ading  feparatcly,  P  would  have  carried 
ihc  body  from  G  to  D,  while  the  other  would  have 
prricd  it  from  G  to  A,  it  is  evident  that  z$  P  ii 
p  p,  lb  is  G  D  to  G  A. 
As  G  is  a  body  aded  on  by  the  two  forces 
h  p,  and  as  the  fpaces  G  D,  G  A,  are  pafTcd  over 
the  fame  time  by  thcfe  forces,   it  follows  that 
D^  GA,  rcprcfcnts  the  refpedive  vdocitiesj  as 
jfcil  as  the  fpaces  of  the  two  farces  P,  p. 

If  with  the  diredtions  PG,  pG,  you  conftnift 
iic  parallelogram  PGpF,  the  diagonal  GB  pro- 
nged cowards  F  will  be  the  diagonal  FG  of  the 
laller  parallelogram  ;  this  diagonal  will  therefore 
^prefcnt  a  force  capable  of  carrying  G  to  B,  in 
ic  fame  time  that  B  would  have  carried  it  to  D, 
p  to  A. 

The  force  reprefentcd  by  P  G  w  ill  have  the 

le  cffcA  as  the  two  forces  P,  p,  adting  at  the 

^me  time  on  G,  and  ibr^ /ingle  force  FG  may  be 

d  for  the  tiftf  ted  forces  PG,  pG ;  and  reci- 

for  the  finglc  force  FG  you  may  fubftitutc 

ly  other  two  forces,  as  P  G^  /)  G,  provided  they  be 

G  D^  G  A^  that  each  ailing  Je~ 

c  caujcd  the  body  G  to  have  de* 

tdg  ty  ibejides  (fa  para/Iefogram,  of  xvhich  the 

Uiee  G  /}  defcribed  4tt  /he fame  time  by  the  force  FG 

the  diago^iji. 

From  v^hat  has  been  faid  you  will  find  the 

following 
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cfFeds  on  the  body  C ;  from  whence  we  may  con* 
clude^  that  the  effed  of  powers  is  only  produced 
by  their  relative  forces^  and  in  the  dire<^ion  of 
thofe  relative  forces. 

From  hence  then  you  perceive,  that  if  a  par- 
ticle of  matter  is  urged  at  once  by  two  forces^ 
which  would  fingly  produce  motions  in  the  fame 
or  in  oppolite  diredions,  the  motion  which  the 
particle  will  acquire,  is  the  fum  or  the  difference 
of  the  motions  which  they  would  produce  fingly. 

A  particle  urged  by  equal  and  oppoiite  forces 
will  continue  in  it's  former  ftate  ;  and  thofc  forces 
which  produce  no  change  of  motion  by  their  joint 
anions,  are  to  be  confidered  as  equal  and  oppofite. 
Such  forces  are  faid  to  be  in  equtliirio,  to  ballance 
and  dejlroy  each  other,  and  the  particle  is  (aid  to 
be  in  eqnilibrio ;  when  two  forces  baliance  each 
Other,  they  are  confidered  as  eaual  and  oppofite. 

Any  number  of  forces  ading  on  a  particle  of 
matter,  will  be  ballanced  by  a  force  equal  and  op- 
pofite  to  their  equivalents. 

If  any  number  of  forces  are  in  equilibrio,  and 
are  confidered  in  parcels,  the  equivalent  of  thefc 
forces  would  be  in  equilibrio. 

If  a  number  of  forces  are  in  equilibrio,  and 
are  efl:imated  in  one  dircdion,  or  reduced  to  that 
diredion,  the  force  would  be  in  equilibrio. 

Problem.  Three  forces  concurring  in  a  point 
zvitb  direHions  that  are  not  in  the  fame  plane  ^  to  find 
the  dire ff ion  and  expreffion  of  one  force  equivalent 
thereto.  In  fig.  9,  pi.  i ,  let  p  C,  P  C,  Q  C,  be  the 
three  given  forces  ading  at  the  fame  time  upon  Cj 
but  fituatcd  in  different  planes. 

Now  it  is  clear,  I,  that  as  two  lines  which  meet 
arc  in  the  fame  plane,  by  drawing  P  D  parallel  to 
p  C,  and  P  D  parallel  to  P  C,  you  will  form  a  pa- 
rallelogram p  D  P  C,  in  the  plane  of  which  the 
forces  P  C',  p  c  exert  their  adion.     In  the  fame 

manner 
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manner  we  obtain  the  parallelogram  CPAQ,  for 
the  plane  in  which  PC,  QC  exert  their  forces, 
and  the  parallelogram  C  Q  E  p  for  the  forces  Q  C 
p  C,  fo  that  by  drawing  E  B  parallel  to  p  D,  and 
DB  parallel  to  p  E,  and  joining  AB,  a  paral- 
Idopiped  is  formed. 

2.  The  forces  PC,  QC  may  be  reduced  to 
one  A  C,  which  is  in  one  of  the  two  diagonal 
planes  of  the  parallelopiped ;  and  laftly,  the  forces 
A  C,  p  c  are  reprcfentcd  by  the  length  and  poG- 
tionof-Bc,  which  is  a  diagonal  of  the  parallelo- 
piped. 

The  fame  mode  will  anfwcr  for  a  greater 
number  of  forces  adling  in  different  planes  on  the 
ikmc  body. 

The  whole  theory  of  the  compofition  and  re-- 
folution  jbf  forces  may  be  deduced  from  the  fol- 
lowing principle  :  tzvo  forces  ailing  at  the  fame 
time  OH  a  hod)\  ijt  direSiions  which  are  oblique  to  each 
other,  do  not  ftfove  the  body  by  that  pari  of  their 
force,  'which,  oH  account  of  their  obliquity ^  is  opfofite 
and  contrary,  but  by  zvhat  remains  after  the  oppojite 
forces  are  dedufied. 

If  ever  fo  many  forces  aHingagainJl  ojte  another 
are  kept  in  equilibrio  by  thefe  aftions^  they  may  all 
be  reduced  to  two  equal  and  oppo/ite  forces. 

For  any  two  forces  may,  by  compofition,  be 
reduced  to  one  force  adling  in  the  fame  plane; 
and  this  laft  force  and  any  other  m.ty  likcwife  be 
reduced  to  one  force  adling  in  the  plane  of  chcfc; 
and  fo  on,  till  they  all  be  reduced  at  laft  to  the 
a<ttion  of  two  equal  and  oppofitc  forces. 

From  the  general  tenor  of  what  has  been  ex- 
plained, I  hope  you  have  perceived,  that,  ftridly 
fpeaking,  there  is  no  fuch  thing  inthc  abftradt  as 
an  oblique  force,  or  a  force  producing  a  motion  in 
ajmgle  body  not  in  the  direction  of  that  forte.  The 
nK>tiQn  produced  in  every  body  is  fuppofed  to  be 

ia 
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forces  can  be  lafting^  unlefs  thofc  forces  arc  perpe« 
tually  renewed. 

With  the  fame  apparatus  you  may  perform  t 
variety  of  expcrimentSj  with  three,  four,  or  five 
forces  adling  at  once. 

To  illuftrate  further  the  nature  and  appli-^ 
cation  of  this  article,  let  A  B,  7^1^.  jo,pL  i,  repre-^ 
fent  an  artificial  kite,  kept  up  by  the  wind,,  blow- 
ing in  the  diredion  W  C;  by  drawing  the  firing 
AIBIH,  fixed  at  A  and  B,  the  kite  will  gain 
fuch  a  pofition^that  H I  produced  will  pafs  through 
the  center  of  gravity  at  C. 

Draw  CO  perpendicular  to  BA,  and  DO 
perpendicular  to  the  horizon  H  O.  Then  O  C  is 
the  direction  of  the  force  of  the  wind  that  ads 
againil  the  kite;  and  the  force  by  which  it  is  kept 
up,  is  as  the  fquarc  of  the  fine  of  the  angle  A  C  W, 
or  C  O  D.  Now  if  D  O  reprcfent  the  given  weight 
of  the  kite,  C  O  will  be  the  force  of  the  wind 
ading  againft  it,  and  C  D  the  force  pulling  at  the 
ftring.  The  tail,  E  F,  which  generally  has  a  fmall 
weight  at  £,  keeps  the  head  of  the  kite  always 
towards  the  wincf. 

As  the  dircdion  of  the  firing  always  pafTct 
through  C,  the  angle,  A  C  H,  and  consequently 
HC  O,  will  be  the  fame  at  all  altitudes,  and  the 
kite  can  never  afcend  fo  high  as  to  make  the  angle 
C  H  O  equal  to  A  C  H.  Hence  it  follows,  that 
the  fmalicr  the  angle  H  C  O  is  made,  the  higher 
Ihe  uill  rife  :  the  greater  the  wind,  or  the  lighter^ 
the  kite,  the  higher  alfo  it  will  rife. 

The  wings  of  a  bird  are  fo  conftruded,  that  in 
firiking  downwards  they  expand  to  their  greateft, 
and  become  almoft  two  planes,  being  fomewhat 
hollow  on  the  under  fide.  Thcfe  planes  are  not 
then  horizontal,  the  back  part,  K,Jig.  i  r,  pL  i, 
being  higher  than  the  fore  pai  t,  D  F  G ;  but  in 
moving  the  wings  upward,  tp  fetch  a  new  ftrokc;, 

they 
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Ikj  go  Vi  itb  the  edge,  D,  F,  G,    foremoft,  and 
rtt^  wings  contracl,  and  beconr>e  hollow.     Their 
arc  fpccifkally  lighter  than  that  of  men 
ipji  Dcafts;    their   bones  and   feathers  extremely 
M^cis,   hollow,   and    light;    the    mufclcs   which 
Hhrc  the  wing  downwards  are  exceeding  large,  and^ 
mrc  been  eftimated,  in  fonie  inftances,  to  be  not' 
1^  than  a  fixth  part  of  the  weight  of  the  whole 
^py«     When  a  bird  is  on  the  ground,  and  intends 
BWv,  he  takes  a  large  leap>  and  (trecchcs  his  wings 
Hnit  from  the  body,  and  ftrikes  them  downwards 
viih  great  force,  by  which  they  are  put  into  an 
ebliqtic  petition ;  ami  the  rcfi fiance  of  the  air  acting 

Kkgiyagainft  thetn  from  the  ftrokc,  impels  them 
the  bird  in  a  diredion  perpendicular  to  their 
es;  which  is  in  an  oblique  diredion,  partly 
til)i*ards,  and  partly  horizontally  forward.     That 
pin  of  the  force  tending  upwards  is  dcftroycd  by 
Bte  weight  of  the  bird  ;  the  horizontal  force  ferve$ 
^parry  him  forward.     The  Ihoke  being  over,  he 
Hh^  his   wings;   which   being   contradcd,   and 
Pwcing  their  edges  upwards,  meet  with  very  little 
rrfiflance  from  the  air.    When  they  arc  fufticiently 
],  he  takes  a  lecond  Jtroke  downwards,  and 
..*pulfe  of  the  air  again  moves  him  forwards; 
fo  from  one  flroke  to  another,  uhich  are  only 
leaps  taken  in  the  air.     When  the  bird 
. .., .  jrn  to  the  right  or  left,  he  ftrikes  ftrongly 
tht  oppofite  wing,  which  impels  him  to  the 
fitrary  fide.     The  tail  afls  like  the  rudder  of  a 
except  only  that  it  moves  them  upwards  or 
fiirards,  inftcad  of  fideways*     If  the  bird  Mants 
Ife,  he  puts  the  tail  in  the  pofuion  IH;  if  to 
[in  the  petition  I  L:  vvlulft  in  an  horizontal  po- 
i,  it  keeps  him  ftcady.   A  bird  can,  by  fpread- 
igs,  continue  to  move  hori/.ontally  for 
,  without  ftriking  the  air.bccaufe  he  has 
lired  a  fufficietlt  velocity  and  his  wings  bein^ 
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parallel  to  the  horizon^  meet  -with  but  a  fmall  m^ 
liflancc;  and  when  he  begins  to  fall,  he  can  eafil  j 
lleer  himfelf  upwards  by  his  tail,  till  the  motiaj 
he  had  acquired  is  nearly  fpent,  when  he  mul 
renew  it  by  two  or  three  more  ftrokes  with  l\i 
wings.  On  alighting^  he  expands  his  wings  and 
tail  full  againft  the  air,  that  they  may  meet  with 
all  the  refiftance  poflibk.  The  center  of  gravity 
of  a  bird  is  rather  behind  the  wings:  to  counter- 
ballance  this,  they  thruft  out  theiv  head  and  neck 
in  flying. 

It  is  impoffibic,  as  already  obfcrvcd,  for  men 
to  fly  by  the  ftrength  of  their  arms.  For  their 
pedoral  mufclcs  are  vaftly  too  weak:  in  a  maiv 
they  arc  noiTonc-fixtieth  part  of  the  mufcles  of  the 
body ;  in  a  bird,  they  arc  more  than  all  the  others 
put  together. 

Some  birds  are  faid  to  fly  a  thoufand  yards  ia 
a  minute. 

A  ji/b  fwims  by  the  help  of  hi*  fins  and  taiW 
and  fillics  are  nearly  of  the  fame  fpecific  gravity 
with  water.  The  mufcular  force  of  the  tail  is  very 
great:  their  dir^rcl  motion  is  obtained  by  moving; 
the  tail  from  one  lidc  to  the  other  with  a  vibrating 
motion.  W  hen  going  to  move  it,  the  fifli  turni 
.rhe  end  oblique  to  the  water,  and  moves  it  through 
it  in  that  polition.  The  water  re-.a<fls  obliquely 
againtt  the  tail,  and  moves  him  partly  forward  and 
partly  hiicrally.  The  lateral  motion  is  corredled 
by  the  next  Ihoke  the  contrary  way,  while  the 
progrcirivc  motion  is  continued.  They  exert  a 
very  great  force  with  their  tail.  By  the  help  of 
the  tail  they  alfo  turn  ononefidc;  fl:riking  ftrongljf 
with  it  on  that  fide,  and  keeping  it  bent,  it  adls  like 
the  rudder  of  a  iliip.  The  lins  of  a  fifli  keep  it 
upright,  efpccially  the  belly  fu\^^  which  ad:  like 
two  feet :  without  thefe  he  would  fwim  with  hi& 
belly  upwards,  as  the  center  of  gravity  lies  near  the 

back« 
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lick.  By  contrading  or  expanding  the  fins,  thejr 
dfo  aflift  him  in  afcending  and  defccnding:  by 
inclining  his  tail  obliquely,  and  turning  it  a  little 
from  an  ere£t  pofiticm  to  cfne  fide^  it  helps  him  td 
hfe  and  fall.  Fifti  fwim  but  flow,  and  foon  tire; 
yet  foine  arc  faid  to  fwini  feventy  or  eighty  yards 
iQ  a  minute* 

Brutes  fwim  naturally;  for  they  are  fpeci- 
fically  lighter  than  water,  and  require  but  a  fmall 
part  of  their  head  out  for  breathing.  It  is  alfo  eafy 
to  them;  for  they  ufc  their  legs  in  fwimming  after 
the  fame  manner  as  they  do  in  walking. 

Men  do  not  fwim  naturally,  though  they  are 
fpecifically  lighter  than  water ;  for  their  heads  are 
very  large,  aiid  require  to  be  almoft  out  of  the 
wcr  for  breathing,  and  their  way  of  ftriking  has 
no  analogy  to  walking.  Men  attain  the  art  of 
fwimming  by  praftice  and  induftry.  The  art  con- 
lifts  in  ftriking  the  water  alternately  with  the  feet 
and  hands;  which,  like  oars,  row  him  forward. 
When  he  ftrikes  with  his  hands,  he  neither  keeps 
the  palm  parallel,  nor  perpendicular  to  the  ho- 
rizon, but  inclined  ;  and  his  hands  ftriking  the 
Water  obliquely,  the  rcliftance  of  the  water  moves 
him  partly  upward  and  partly  forward.  Whilft  his 
hands  are  ftriking,  he  gradually  draws  up  his  feet; 
and  when  the  ftroke  of  his  hands  is  over,  he  ftrikes 
with  his  feet,  by  extending  his  legs,  and  pufliing 
the  foles  of  his  feet  againft  the  water  ;  and  while 
he  ftrikes  with  his  legs,  he  brings  about  his  arms 
for  a  new  ftroke,  and  fo  on  alternately;  keeping 
the  body  fomewhat  oblique,  that  he  may  more  eafily 
tttft  his  head,  and  keep  his  mouth  above  water. 
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Cf  Accelerated  Motion* 
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THOJJGH  the  moft  unlettered  ruftic  is  fenl 
that  the  fall  of  a  0:oae  is  to  be  dreaded  in  j 
portion  tQ  the  height  from  .whence  it  defge: 
that  }(  it  falls  frojm  a  place  a  foot  ^bove  his  li 
it  is  not  fo  likely  to  be  fatal  as  if  it  fell  from 
hojjfe-top ;  yet  the  law  o^  acceleration^  in  fa] 
};>odies^  was  not  difcQvered  tiH  the  time  of 
fileo:  to  iuv^ftigatc  the  cifeft  of  gravity  onr 
lio^ies  was  refcrved  for  him^  who  was^  ooic  of 
grcateft  ornaments  of  the  agq  in  which  he  JtJVi 

Motion  is /aid  io  be  accelerated,  if  it '"a  yel< 
continpally  iacrcafes;  to  be  uniformly  acceler 
if  it's  velocity  incrcafcs  cquaHy  in  equal  time 

Motion  is  /aid  to  be  retarded^  If  it*s  veL 
continually  dccrcafcs ;  and  to  be  uniformly  reta 
if  it's  velocity  decreafes  equally  in  equal  times 

In  our  general  notions  of  acccfcratipn  o 
tardatioD,  we  abftract  our  attention  from  all 
fieties,  and  they  are  fuppofed  uniform:  thaf  L 
liippofc  that  the  velocities  increafe  or  dimini 
the  fan)e  rate  with  the  times,  or  that  the  clu 
of  velocity  are  proportioned  to  the  timea  ia  v 
they  are  acquired. 

Accelerations  and  retardations  may  be  c 
dered  as  quantities,  and  are  mcafured  bj 
changes  of  velocity,  which  are  uniformly  acq 
in  the  fame  or  equal  times;  they  are  therefore 
portional  to  the  changes  of  velocity  dircAl) 
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ft)  the  time  ia  which  they  are  uniformly  acquired, 
invcrfely. 

If  the  velocities  do  not  cba>tge  at  the  fame  rate 
with  the  Ume^  the  acceleration  or  retardation  is  not 
conflant. 

If  you  (uppoTe  a  body  to  be  put  in  motion  by 
a  fingle  impulfe,  and  moving  unifc^mly^  to  receive 
a  new  impulfe  in  the  fame  dircdlion>  it's  velocity 
will  be  augmented^  and  it  will  go  on  with  the 
augmented  velocity,  {f  at  each  inftant  of  it's  mo- 
lion  it  receives  a  new  impulfe,  the  velocity  will  be 
•  continually  increafing;  and  if  this  impulfe  is  always 
equal,  sind  acts  in  equal  times,  the  velocity  will 
be  unifdrmly  accelerated. 

The  force,  which  at  every  iaftant  gives  this 
ne^  impulfe  to  a  body,  is  called  the  accelerating 
ferce. 

For  the  faafK  reafon,  if  a  body  had  at  firft  a 
ecrtiin  velocity,  and  lofes'  equal  parts  at  each  equal 
iaftsnt,  by  new  impulfions  ading  in  a  diredtion 
cxadly  (Contrary  to  it's  motion,  it  is  faid  to  be  uni* 
formly  ifetarded. 

Every  body*  left  to  itfelf  defcends  with  an 
accelerated  motion,  and  a  diredtion  which  tends  to 
the  center  of  the  earth.  The  force  caufing  this 
acceleration,  and  occafioning  this  tendency,  is 
eiXk& gravity.  It  is  a  force  always  prefent;  and 
which,  coAftantly  ading  on  bodies,  uniformly  ac- 
cclenKcs  theii^  motion. 

All  that  w«'  can  obfervcf  in  motion,  is  the  fpace 
dcferibed,  and  the  time  in  which  it  is  defcribing. 
From  observations  on  thefc,  we  infer  the  propor- 
tions of  the  changing  forces.  Uniformly  acce- 
lerated or  retarded  motion  is  therefore  the  indi- 
cation of  an  invariable  or  conftant  force.  The 
changes,  therefore,  of  velocity  in  any  time,  by  a 
iarcc  varying  according  to  any  law,  is  the  proper 
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mcafurc  of  the  accumulated  or  whole  adtion  of  t1i« 
force  during  this  time. 

I  lliall  now  endeavour  to  explain  the  Uw  of 
bodies  falling  with  an  accelerated  motion  by  the 
force  of  gravity.  The  accelerating  force  or  gravity 
fdecreafcs,  as  the  fquares  of  the  diftances  increafc; 
but  as  the  greatcft  diftancc  from  which  we  can 
obferve  the  force  of  falling  bodies^  bears  no  pro- 
portion to  that  from  the  center  of  the  earthy  wc 
may  confidcr  gravity  as  afting  without  any  dc- 
crcafe,  or,  rather,  that  it's  force  is  the  fame  from 
the  beginning  to  the  end  of  the  fall. 

The  nature  of  all  accelerating  forces  is  to  aS 
continually  on  the  moving  body,  and  to  be  fuc- 
ccfltvely  impcliing  it  by  an  infinity  of  fmall 
flrokes.  But  the  accelerating  force  being  thus 
repeated  as  often  as  there  are  inftants  in  the  given 
time,  is  proportional  to  the  produft  of  the  weight 
by  the  lall  acquired  velocity. 

As  gravity  adls  uniformly  on  all  bodies  at  aq 
equal  diftance  from  the  center  of  the  earth,  let  us 
fuppofc  the  time  of  the  dcfccnt  to  be  divided  into 
a  number  of  equal  parts,  infinitely  fmall;  the  im- 
prcdion  of  gravity  will  occafion  the  body  to  dc- 
fccnd  lov^ards  the  earth  in  the  firft  fmall  inftant. 
Now  if  you  fuppofe  gravity  to  ceafe  to  ad,  the 
body  will  defcend  uniformly,  in  confequencc  of  it's 
firft  impreflion,  with  an  infinitely  fmall  velocity; 
but,  on  the  contrary,if  at  the  fecond  inftant,  a  new 
and  equal  impulfe  is  added  to  the  former ;  it's  ve- 
locity, in  thp  fecond  inftant,  will  double  that  of  the 
firft;  in  the  third,  by  the  continued  impulfe,  three 
times ;  four  times  in  the  fourth  ;  and  fo  on :    for 
the  imprcffion  made  in  the  preceding   inftants  are 
not  at  all  impaired  by  thofe  that  follow,  but  are,  if 
I  may  be  allowed  the  expreflion,  heaped  one  upon 
another;  confcquently,  as  the  body  is  fuppofed  to 
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ifcccive  a  new  impreffion  every  moment  of  it*s  fall* 
the  velocity  increafcs,  as  the  moments,  or  time 
increafes. 

In  the  right-angled  triangle  CAB,  fig.  12^ 
pL  I,  which  opens  wider,  by  equal  degrees,  from 
the  point  A  towards  B  C,  the  bafc  of  the  triangle 
expr^flcs  a  motion  uniformly  accelerated.. 

The  leg  A  B  cxpreflcs  the  time  in  which  xhis 
acceleration  happens,  and  this  time  is  divided  into 
four  equal  parts,  or  mon^nts,  as  A  i,  12^  23,  3  B. 
The  fmall  lines  in  the  triangle  A  i  k,  repeated  at 
equal  intervals,  and  incrcaling  iu  length  by  equal 
degrees,  denote  equal  accelerations  of  the  velocity 
from  the  inftant  in  which  a  body  begins  to  fall,  and 
the  fnflall  equal  lines  in  the  fquarc  i  m,  denote  an 
equal  velocity  during  the  time  expreUcd  by  the 
fide  I,  2. 

Thefc  things  being  kept  in  mind,  if  you  attend 
tothc  diagram,  it  will  open  to  you  all  the  confc* 
qnences  of  thefc  poliridns. 

The  line  i  k  will  rcprcfcnt  the  velocity  ac- 
quired by  a  falling  body  /*;/  the  firfl  moment  oftime; 
2 1,  the  velocity  acquired  at  the  end  of  t!ic  fecond 
iDoment  oftime;  and  30,  tlie  velocity  at  the  end 
of  the  third;  and  fo  on. 

If  the  body, during  the  fecond  n-ioment  of  time^ 
ftould  retain   the  velocity   i  k,   which  it  had  ac- 
quired at  the  end  of  the  firft,  it  will  defcribe  the 
fquare  furface   i,  2  m  k;   for  this  furface  is  gene- 
ntcd  by  a  continual  repetition,  or  motion,  of  the 
Jine  I  k,  during  i  2;   as   the  area  of  the  triangle 
a  I  k  isdefcpbed  by  an  uniformly  incrcaiing  veio- 
city  during  the  time'  A  i.     Bur  the  area  of  the 
fquare  is  manifeftly  double  the  area  of  the  triangle; 
whence  it  appears,  that  a  body  moving  on,  during 
a  fecond  moment,  with  the  velocity  acquircJ  at 
the  end  of  the  firft,  will  fall  tiiicc  as  far  in  th-  'c- 
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cond  moment^  as  in  the  firft :  and  the  fame  infill  ht 
univerfally  true,  that  the  velocity  acquired  attbc^ 
end  of  any  given  time,  will  carry  the  body  twice tt 
far  in  the  fame  time. 

But  if  the  velocity  continues  to  increafe  uni** 
formly  during  the  fecond  moment,  then  the  fpaco 
will  be  as  the  triangle  i  2  1  k^  thrice  as  largj^tl 
the  triangle  A  i  k. 

The  li'bok /pace  defcribed  by  the  body  in  the 
two  firft  moments,  will  be  a&  the  area  A  2 1,  which  i« 
equal  to  four  times  the  area  A  i  k ;  whence  it  fol- 
lows, that  the  fpace  defcribed  by  the  body  in  it's 
fall,  is  as  \\iQ  fquare  of  the  time  in  which  it  falls  9 
for  here  the  time  is  2,  the  fquare  thereof  4. 

In  the  third  moment,  were  the  body  to  ftft 
with  the  velocity  ^  1  during  the  time  2  3,  the  fpacci 
defcribed  will  be  as  the  reftangle  under  the  time 
and  velocity, that  is,as  the  redlangular  fpace  2  3  nli 
equal  to  four  times  A  i  k;  but  as  the  velocity  is  ftill 
uniform,  the  fpace  will  be  as  the  area  23  ol, 
five  times  as  great  as  A  i  k.  And  thus  will  the 
rcdlanglc  under  the  time  and  velocity  be  always 
increafed  by  units. 

As  the  triangle  A  i  k,  A  2 1,A3Q,  A  B  C,  are  all 
fimilar,  as  A  2  is  the  double  of  A  i,  2 1  will  be  the 
double  of  i  k;  and  as  A  2  exprefles  the  time,  and 
2 1  the  velocity ^  where  the  time  is  double,  the  velo^ 
city  is  double,  therefore  the  velocity  is  as  the  time^ 
and  fo  on  of  the  reft. 

If  the  fpaccs  defcribed  in  each  moment  be  coik 
fidcred  feparately^  the  fpace  in  the  firft  monien( 
will  be  as  i,  in  the  fecond  as  3,  in  the  third-a^  5* 
in  the  fourth  as  7,  and  fo  on  in  an  arithmetical 
progrefTion  ;  the  common  difference  being  2* 

Thus  I  have  ftiewn  you  from  theory,  and 
which  I  Hall,  in  the  courfe  of  this  Lecflure^  illuftratc 
bv  experiment, 

I.  That 
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T.  -That  ]i»  bodies  falline  freely  by  their  own 
gravity,  the  fpaces  defcribed  in  falling  from  reft, 
are  as  the  fquares  of  the  times  of  falling. 

2.  That  the  fpaces  defcribed  by  falling  bo- 
dieSj  are  as  the  fquares  of  the  velocities. 

3.  That  therefore  the  fpaces  defcribed  by 
falling  bodies,  are  in  the  compound  ratio  of  the 
times  and  the  velocities  acquired  by  falling. 

4.  If  a  body  falls  through  any  fpace,  and 
moves  afterwards  with  the  velocity  gained  in  fall- 
ing, it  will  defcribe  twice  that  fpacc  in  the  time 
of  it's  falling. 

The  motion  of  a  body  thrown  direftly  up- 
wards is  continually  retarded,  in  the  fame  manner  \ 
as  the  motion  of  a  falling  body  is  accelerated :  forl^U/iA 
theadion  of  gravity,  in  this  cafe>  continually  adb\    l^ 
contrary  to  the  motion  of  the  rifmg  body  ;  whereas  1     f 
in  that  of  falling  bodies  it  confpires  with  it.  /     ^ 

As  the  power  of  gravity  communicates  to  the 
body  in  every  equal  moment  equal  velocities,  fo  the 
velocity  of  a  body  thrown  upwards,  is  equally  re- 
tarded in  equal  times;  for  the  fame  force  of  gra- 
vity, which  generates  motion  in  a  falling  body, 
deftroys  it  in  a  rifing  one.  It  follows,  therefore, 
that  in  the  fame  time  and  manner  the  fame  velo- 
cities are  generated  and  deftroyed  in  the  fame 
times.  A  body  thrown  upwards  continues  to  afcend 
till  it  has  loft  all  it's  motion,  when  it  will  begin 
to  defcend,  and  the  motion  will  be  juft  as  much 
accelerated  as  it  was  before  retarded ;  it  therefore 
afcends  during  the  time  that  a  body  in  falling  can 
acquire  the  velocity  with  which  it  was  thrown 

And  the  heights  to  which  bodies  projeded 
diredUy  upwards,  with  different  velocities,  caA 
afcend,  arc  to  one  another  as  the  fquares  of  their 
fifft  velocities. 

Therefore  bodies  afoending  defcribe  fpaces 

which 
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^hich  follow  the  progreHion  of  the  odd  nunrrbcrf 
taken  in  a  retrograde  order. 

To  render  this  fufejecl:  ftif]  clearer,  let  us  appljr 
this  theory  to  practice.  But  here  I  muft  firft  pre- 
mifc,  that  when  a  body  falls  freely  by  the  force  c^| 
gt-avity,  it  will  dcfcribe  about  16  feet  and  an  inch" 
in  one  fccond  of  time;  but,  for  the  fake  of  round 
niiinbers,  I  fhall  fuppofe  it  to  be  16  feet*  This 
meafurc  l^as  been  deduced  from  the  motion  of  pen^ 
tinfums;  between  which  and  the  rcdilincar  defcent 
of  heavy  bodies  there  is  fo  dofe  a  conne^^ion,  that 
neither  of  them  can  be  thoroughly  underftood  in- 
ikpendcnt  of  the  other.  Now  as  a  body  falls 
through  16  feet  in  the  ftrrt  fecond,  it  follows,  that 
at  the  end  of  the  fecond  moment  it  wiH  have  fallen 
1-6  multiplied  by  4,  equal  64  feet ;  the  fpace  being 
as  ihc  fqnares  of  (he  times^  and  the  fquarc  of  2  i$  4. 
By  the  fame  rule,  at  the  end  of  the  third  fecond  ir 
will  have  fallen  144  feet,  equal  r6  multiplied  by  9; 
at  the  end  of  the  fourth,  156  feet^  equal  16  multi- 
plied by  i6. 

Hence,  if  the  fpace  be  given  through  which  a 
tody  is  to  fill,  you  may  l  oHcd  the  time  wherein  ii^ 
Mill  liniih  it's  defcent:  for  let  the  number  of  feet' 
in  fuch  a  fpace  be  divided  by  16,  and  the  quotient 
will  cxprefs  the  fquarc  root  of  the  time  fought,  in 
icconds  and  parts  of  a  fecond. 

Thus,  it  the  fpac^  be  144  feet,  this  divided  by 
16  gives  9,  of  which  the  fquare  root  is  3,  The  con- 
verfe  of  this  is  equally  true;  forjf  the  time  be 
given,  the  fpace  through  which  the  body  hath  de- 
Icended  may  be  found.  If  you  defire  to  learn  the 
depth  of  a  well,  from  the  furface  of  the  earth  to.^ 
the  furface  of  the  water,  let  a  bullet  of  lead  befl 
dropped  therein,  and  let  us  fuppofe  it  to  llrikcthc 
water  in  hvc  feconds  :  the  fquare  of  5  is  25; 
which,  being  multiplied  by  16,  the  produtl  will  be 
4^0  feet  for  the  depth  of  the  welL 

Agaiii^ 
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Again,  were  you  to  fee  a  mafs  of  burning 
matter,  or  a  large  red-hot  ftonc,  (liot  upwards  from 
the  mouth  of  a  volcano,  and  could  obferve  accu- 
rately the  whole  time  of  it's  flight  in  the  air,  rifing 
and  falling,  which  we  will  fuppofe  thirty  feconds, 
you  may  tnencc  difcover  the  height  to  which  it 
arofe,  for  a  projeded  body  will  both  rife  and  fall 
in  the  fame  time ;  therefore  we  are  to  take  half 
the  above-mentioned  time,  or  fifteen  feconds :  now 
15  multiplied  by  15,  and  this  by  16,  give  3600  feet, 
or  1200  yardsj  which  is  not  far  from  three  quarters 
of  a  mile. 

But  you  are  to  obferve,  that  in  the  applica- 
tion of  this  theory  two  things  are  taken  for 
granted,  before  we  arrive  at  any  one  of  thefe  con- 
dufions :  firft,  that  the  theory  is  true  in  pradice  to 
a  mathematical  cxadnefs,  of  which  you  will  foon 
fee  the  proofs;  fecondly,  that  the  motion  is  without 
itnpediment,  or  in  a  medium  that  gives  no  refift- 
ance:  but  this  is  falfc,  as  the  bodies  meet  with  great 
interruptions  from  the  reliftance  of  the  air.  Upon 
this  account,  the  well  whereof  we  are  finding  the 
depth,  will  not  be  fo  deep  as  may  be  imagined  by 
fcveral  feet;  nor  the  ftone  projeded  from  the  vol- 
cano rife  fo  high  as  we  have  already  concluded. 
The  refiftance  of  the  air  is  liable  to  fo  many  vari- 
ations, as  to  render  the  finding  the  abfolute  quan- 
tity of  it  at  any  time,  a  problem  fo  difficult  and 
complicated,  as  hardly  to  admit  of  an  adequate 
folution. 

Of  Mr.  Atwood's  apparatus  for  making 
IXPERIMENTS  OH  tbc  Ten'tHuear  motion  of  bodms  v:hich 
Are  affed  ou  by  conftant  forces.'*  The  machine  be- 
fore you,  fig.  13,  pL  I,  is  the  contrivance  of  Mr. 
Atwood,  and  renders  fcnlible  to  the  eye  and  car 
the  laws  of  motion  uniformly  accelerated  or  re- 
tarded, 

^  Alwood's  Trcatifc  on  the  Rtclilincar  Motion  of  Bodies. 
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fardedj  a§  well  a«  thofe  of  uniform  n>orian,  and 
that  without  employing  a  fpace  more  than  five  and 
a  half  feet^  Mhich  renders  it  extremely  convenient 
for  a  courfe  of  Lecfturcs. 

Mechanical  experiments  are  o(  two  kindsi 
the  one  relating  to  the  quiefcenc^  of  bodies,  and  the 
other  to  their  motion. 

Among  the  former  are  included  thofe  whic 
dcmonftrate,  or  rather  mah*  evident  to  the  /e»if€^^ 
the  equilibrium  of  the  mechanic  powers^  and  thp 
correfponding  proportions  of  the  weights  fuilainedifl 
to  the  forces  which  fufiain   them,  the  properties™ 
of  the  center  of  gravity,  the  compolition  and  refo* 
lotion  of  forces,  6iz.  M 

By  the  latter,  or  thofe  on  motion,  are^  fliewii^ 
the  laws  of  collifion,  of  acceleration,  and  the  va^ 
rious  eft'eds  of  forccij  which  communicate  motion 
to  bodies^ 

Of  mechanical  experiments  ic  may  be  proper 
to  obfcrvc  to  you^  that  thufc  wherein  an  cquili'* 
brium  is  formed,  will  treauently  appear  coinctdaii 
u-ith  the  theory,  altbough  c^njiderfshle  errors  a-fC 
committed  in  their  conftruftion.  This  arifes  frorti 
the  elic<^ts  of  friction,  tenacity,  and  other  cau{c3* 
The  cafe  is  difl'crent  in  experiments  concerning 
the  motions  of  bodies;  in  which,  whatever  cafe 
be  taken  to  render  the  proportion  of  the  forces^ 
and  the  weights  moved,  fuch  as  is  required  by  the 
theory  ;  yet  the  interference  of  fridion,  which  ren^ 
ders  the  former  apparently  more  pcrfeft  than  they: 
really  are,  caufes  thefe  to  differ  from  the  theory. 

If  the  experiments  arc  only  defigned  to  afTift 
the  imagination,  by  fubftituting  fcnfible  objcds 
jnftcad  of  abrtrad  and  ideal  quantities,  an  apparent 
agreement  between  the  theory  and  experiment  may 
be  fufficient  to  anfwer  this  purpofe,  although  it 
may  be  produced  from  an  erroneous  conftruction: 
iuch  experiments  cannot,    hpwevcr,    imprefs  tht 

I  mind 
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lind  With  that  fatisfavlory  convitflion  that  arlfcs 
on\  CXI  ics  accurately  made. 

Dr.  -  \... girlicTs  tried  the  cffcft  of  falling 
bodicsj  by  letting  a  leaden  ball  fall  from  the  inner 
cupola  of  St*  Paul's  church,  vvhofe  altitude  front 
"ic  ground  is  272  feet.  The  ball  defcendcd 
j^upugh  this  fpacc  in  four  feconds  and  a  half;  in 
time^  from  theory,  it  Ihould  have  defccnded 
„  bgh  335,6  feet,  v'hich  makes  a  diiference  of 
out  oae-iifth  of  the  actual  defccnt  between  the 
!  the  theory*  Dr.  Dcfaguliers  flieus, 
--_-urc,  that  this  diftcjcucc  arofc  prin* 
Ilv  from  the  refinance  of  the  air.  To  remed/ 
As,  of  thcfe  experiments,  Mr.  Atwood  con- 
is  apparatus. 
J/"  ibt  mtifs  movrd.  In  order  to  obtain  an 
if  the  laws  that  are  obferved  in  the 
I  of  motion,  and  obfcrve  the  effects 
Tihc  moving  force,  the  interference  of  all  other 
re  fhould  be  prevented.  The  bodies  impelled 
bould  be  conceived  to  exili  in  free  fpacc*  and  bcr 
*'  of  gravity  or  weight;  fo  that  to  a  given  fub- 
lance  various  degree;  of  force  jnay  be  applied* 
This  indeed  cannot  be  effected  in  bodies  tallinij 
ly  near  the  earth's  furfacc :  we  cannot  abllract 
'  gravity,  or  weight,  frf^m  any  fubf^ancc 
;  for  the  fame  fubltance  i?  always  im- 
cUcd  by  the  fame  force  of  gravity,  which  admitr 
of  Incfcafc  or  diminution. 
/>/  ibis  iiilfuuhynmy  he  &^X7J/f</by  ballancing 
Uo  ctjual  weights,  joined  by  a  flexiblcnine,  which, 
\iK%  over  a  pulley.  The  axle  of  the  pulley  muft 
"on  wheels  conflrucTtcd  for  the  purpofe  of  dU 
|!(liing  friction. 

Tf\'         '  :r  /i?rr<*  of  gru\iij  vruig  iUjIrGyi:d  ly 

remain  quicfccnt  till  fpme  force  h  applied  tq 

icm.    When  any  impulfc  U  communicitted  to 

tbcm 
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them  in  a  vertical  dircdlion,  they  will  afterwards  bi 
obfcrved  to  defcribe  equal  (paces  in  equal  times^  of 
will  move  uniformly;  and  the  velocity  com-^ 
municated  will  be  precifely  the  farne^  as  if  the 
fame  impulfe  had  been  imprefled  on  a  quantity  of 
matter  equal  to  the  two  bodies  exiding  in  free 
fpace  without  gravity,  due  allowance  being  made 
for  the  inertia  of  the  wheels, 

Thus>inthis  inftrument,  j^g-.  13,  />/.  4,  which 
is  conftrufted  to  illuftrate  this  fubject  experi- 
mentally>  there  are  two  equal  weights.  A,  B,  affixed 
to  the  extremities  of  a  very  fine  and  flexible  filk 
line.  This  line  is  ftretched  over  a  wheel,  ab  cd^ 
moveable  round  an  horizontal  axis.  The  two 
weights.  A,  B,  being  precifely  equal,  and  a3ing 
againft  each  other,  when  the  lead  weight  is  fuper^ 
added  to  cither,  it  will  preponderate. 

When  the  weights.  A,  B,  are  fet  in  motion  by 
the  adion  of  any  weight,  which  I  fliall  call  w,  the 
fum  of  A  added  to  B,  added  to  ;;;,  would  conftitute 
the  whole  mafs  moved ;  but  then  there  is  to  be 
added  the  inertia  of  the  materials  which  muft  necef- 
farily  be  ufed  in  the  communication  of  motion. 
Theie  materials  arc,  i.  The  large  wheel,  abed.  2. 
The  four  friftion  wheels,  on  which  the  axle  of  the 
wheel  abed  rcfts  :  thcfc  wheels  are  ufed  to  pre- 
x'ent  the  lofs  of  motion  which  would  be  occafioncd 
by  the  fridlion  of  the  axU!,  if  it  revolved  on  an  im- 
moveable fiirface.  ;}.  The  weight  of  the  line:  but 
this  is  too  inconiidcrablc  to  have  any  effedl:. 

Of  thekvefiftjnce  from  the  inertia  of  ibc  pullies. 
If  the  whole  mafs  of  the  wheels  were  accumulated 
iathe  circumference  of  the  wheel  abed,  it's  inertia 
would  be  truly  eftimated  by  the  quantity  of  matter 
moved.  If  their  figure  was  regular,  and  the  den- 
firy  diftributed  uniformly  in  each,  mathematicians 
would  furnifli  us  with  rules  for  finding  a  weight, 
which,  being  accumulated  uniformly  in  the  circum- 
ference. 
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frence^  :^bc  d,  would  exert  aa  inertia  equal   tc^ 
t^of  the  wheels.     But  as  ihe  figures  arc  wholly 
liar,  recourfe  muft  be  hud  co  experiment  lor 
rtic  difcovery  of  fuih  a  weight. 

For  this  purpofe  a  weight  of  30  grains  was 
ixcd  to  a  lilk  line  (which  did  not  weigh  irtf  a 
rainj  s  this  line  being  wound  round  the  whecl^  the 
rcight  of  30  j^vJins^  by  dcfcending  from  the  rcll-, 
^nimunicated  motion  to  the  wheel;  and*  by  many 
fbls,  was  obfcrved  to  defcribe  a  fpace  of  3S4 
ichcs  in  three  fcconds.  From  thefc  data  wc  find 
be  mafs  equivalent  to  the  inertia  to  be  2I  oz. 
This  IS  a  mafs  equivalent  to  the  inertia  of  the 
Fheel  abed,  and  the  friction  wheels  together.* 
The  refirtance  to  motion,  therefore,  arifing 
the  whcers  inertion,  will  be  the  fame  as  if  it 
abfolutcly  removed, and  a  mafs  of  2^  were  ac- 
imulated  in  the  circumference  of  the  wheel  a  h 
Id. 

This  being  premifed,  fufpend  the  pieces  A  B, 
a  filk  line  palling  over  tfie  wheel  abed,  and 
ike  them  ballancc  each  other;  now  if  I  add  any 
(fcight  m  to  A,  fo  that  it  fliall  defcend,  the  exact 
intity  of  matter  moved  will  beafcertained,  for  it 
irtll  be  A  added  to  B,  added  to  m,  added  to  2 1  oz. 
In  order  to  avoid  iroiiblefome  computations 
adjufting  the  quantities  tif  matter  moved^  and 
farces,  j  oz.  i$  aflimicd  as  a  flandard 
convenient   magnitude,  to    v^hich   all 

others 

^  Mr.  A*«rood  provci,  m  his  work,+  ibai  the  following  for- 

I  will  givr  the  Trquircd  inaf*_r_*jji  —  p=x,  where  p  (lgmht$ 

,\  t  the  lime  f*j   ffconds'j,   d  the  fpacc  dc- 

^n  a  fccond  (t6  feci  1  inch,  or  193  inches), 

4p«lc  dcicribcd  by  the  body  (3^5  inchc«}»  aad  x  the  inerliA 

kit  11  in  figures  for  the  prcfcnt  cafe,  JiLL!  ^llJ  <—  30  equal 
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others  arc  referred ;  this  weight  is  called  m.  Now 
the  inertia  of  the  wheel  being  21  oz*  will  be  de- 
noted by  1 1  m;  A  and  B,  the  pieces  to  which  the 
different  weights  are  applied,  are  each  together 
vith  the  hooks,  by  which  they  are  fufpended  equal 
If  02*  or  6  m.  Wc  have  a  variety  of  differenc 
weights,  fomc  of  w  hich  arc  equivalent  to  4  m, 
others  to  2  m,  fome  equal  m,  and  others  to  aliquot 
parts  thereof. 

If  then  I  apply  rg  m  to  each  of  the  pieces 
A,  B,  rhefc,  \i'ith  thofe  pieces,  will  eich  be  equal 
55  m,  ballancing  themfclves,  and  the  whole  niaft 
will  be  50  m,  which  being  added  to  1 1  m,  the 
inertia  of  the  wheels,  the  wbt^le  mafs  will  be  61  m  j 
now  add  m  to  both  A  and  B,  and  the  whole  mafs 
v*\\\  be  63  m,  perfc<Sly  in  equilibrio  and  moveable  ' 
by  the  Icaft  weight,  added  to  either  (fetting  afidc 
the  ctFect  of  fridlion),  in  the  fame  manner  preeifely 
as  if  the  fame  weigbl  or  force  zvere  applied  to  cem^ 
municate  mption  to  the  wo/}  63  wr,  extjling  in  fre^^ 
fpace  and  without  gravity^  ^^ 

Of  the  moving  force.  As  the  natural  weight, 
or  gravity  of  any  given  fubftancc  is  conftant,  and 
the  cxa<9:  quantity  eatlly  eft i mated,  we  Ihall  apply 
a  weight  as  a  moving  force;  thus,  when  the  fvftem 
coniifls  of  a  mafs  equal  63  rh,  I  apply  a  weight  m 
to  A,  and  it  communicates  motion  to  the  whole 
fyftem ;  the  whole  quantity  of  matter  moved  is 
64  ip ;  the  moving  force  m,  this  gives  us  th€ 
force  \\h\Q\\' accelerates  the  defcent  of  A,  being 

^m  or^'*  part  of  the  accelerating  foice,  by  whicl 

Che  bodies  defccnd  freely  towards  the  earth. 

I  ypu  fee  by  this  example,  that  the  moving 

force  may  be  altered  without  altering  the  ma5 
moved ;  for  fuppofc  the  three  weights  m,  two  of 
which  arc  placed  on  A  and  one  on  B,  be  removed, 
then  A  will  ballancc  B. 

Now  place  the  weights  j  m  on  Aj  and  the 

\  movinen 
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ing  force  will  be  3  m,  and  the  mafs  moved  64 
tfore,  and  the  force  which  accelerates  the  dc- 

ofAequarl^. 

[To  make  the  moving  force  2  m,  remove  the 
eights  m,  A  and  B  will  ballance  one  another, 
[the  whole  weight  wUl  be  61  m;  add  4^m  to  A 
f^m  to  B,  and  the  mafs  moved  will  be  61  m ; 
low  place  a  m  on  A,  and  the  mafs  moved  is  64  as 
ten?f  whereof  the  force  of  acceleration  is  equal  ^ 
|p  of  the  acceleration  of  gravity. 

Of  the /face  def<ribed.    The  body  A  defcends, 

perceive,  in  a  vertical  line,  along  the  fcale 

is  about  64  inches  long,  and  is  graduated  into 

btsand  tenths:  this  fcate  is  fo  adjuded  as  to  be 

iical,  and  fo  placed  that  the  defcending  weight 

(all  in  the  middle  of  the  ftage  C  D,  fixed  to 

fite  it  at  the  end  of  the  defcent;  the  beginning 

"he  dcfccnt  is  eft  i  mated  J  from  o  on  the   fcale^ 

ihc  bottom  of  A  is  level  or  even  with  o;  the 

cnt'of  A  is  terminated,  when  the  bottom  flrikes 

:;  the  lituation  or  difbince  of  the  ftage 

ricd  at  pleafure  w  ithin  the  range  of  64 

Of  ibe  iime  of  mo/iort.     The  time  of  the  mo- 
is  obfcrved  by  the  beats  of  this  pendulum  af- 
1  to  the  pillar,  and  w hich  vibrates  feconds. 
Many  mechanical  devices  might  be  applied 
[letting  the  weight  A  begin  it*s  defcent  at  the 
ant  of  the  beat   of  the  pendulum;   but  it   is 
pier,  and  1  think  better^  to  let  the  bottom  of  the 
A,  when  even  w  iih  o  on  the  fcale,  reft  on  a 
I  held  in  the  hand  horizontally,  it*s  extremity 
coincident  with  o;  by  attending  to  the  beats 
pendulum,  you  may,  with  a  little  pradlice, 
vc  the  rod   which   fupports  the  box,  at  the 
nt  the  pendulum  beats,  fo  that  the  defcent  of 
alt  commence  at  the  fame  inftanr. 

ibe  velocity  acquired.     I  have  only  now  to 

fticw 
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the  velocity  acquired  bj 


manner 
the  defcending  weight  A,  at  any  given  point  of  the 
fpace  through  which  it  has  defcended«   is  made 
evident  to  the  fenfes* 

The  velocity  of  A's  defcent  being  continually 
accelerated,  will  be  the  fame  in  no  two  points  of 
the  fpace  defcribed ;  this  is  occafioned  by  the  cok^ 
ftant  action  of  the  moving  force:  and  fincc  the  veJ 
locity  of  A  at  any  in  ftant  is  meafured  by  the  fpace 
which  would  be  defcribed  by  it  moving  uniformly 
for  a  given  time»  with  the  velocity  it  had  acquired 
at  that  inftant,  this  mcafurc  cannot  be  experimen- 
tally obtained,  but  by  rrmovtng  the  force  which 
caufed  the  acceleration  of  the  defcending  body. 

To  ettcift  this,  here  are  fouic  weights  or  mov- 
ing forces  in  form  of  bans  or  flat  rods,  to  be  laid 
on  A;  here  is  alfo  a  circular  frame  EF,  to  be  lixsd 
to  the  fcale  at  any  proper  height,  in  fuch  manner 
that  A  will  pafs  centrally  through  it;  when  h  piijjes 
through  this  frame,  it  leaves  the  har  by  which  it 
had  been  accelerated  on  the  circular  part  of  the 
frtime.     After  the  moving  force  m  has  been  inter-? 
ceptcd  at  the  end  of  the  given  fpace  or  time,  ther 
will  be  no  force  operating  upon  any  part  of  ihl 
fyltem  to  accelerate  or  retard  it's  motion,  and.con-j 
fcquently  the  intknt  m  is  removed,  A  will  procec 
uniformly  with  the  velocity  it  had  acquired  that" 
inftant,  and  the  velocity  bemg  uniform,  will 
meafured  by  the  fpace  defcribed  in  any  convenii 
number  of  feconds. 

It  may  here  be  neceffary  to  obfervc,  that  Mr, 
Atwood  has  clearly  ihcwn,  that  the  weight  of  the 
line  can  have  no  fenlible  elfit^t  on  the  experiment»J 
for  the  inequahty  of  the  motion  occslioned  by  iH 
does  not  amount  to  more  than  ^^jt  of  a  fecond^ 
a  quantity  too  fmall  to  be  diltmguiihcd  by  the 
fenfes. 

The  rcfiflancc  of  the  air  does  not  afFofl  ihcCe 
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experiments;  for  as  the  greateft  velocity  commu- 
tiicaced  in  thcfe  experiments  docs  not  exceed  26 
inches  in  a  fecond,  and  the  pieces  A  and  B  being 
only  about  1^  inch  in  diameter,  the  rcfiftance  ot 
the  air  can  never  increafe  the  time  of  the  defcent 
in  fo  great  a  proportion  as  240  to  24,  and  will  be 
thererore  infenfible  in  experiment.* 

The  eflfedts  of  fridlion  are  almoft  wholly  r^- 
meved  by  the  fridlion  wheels.  If  the  weight  A 
ud  B  be  ballanced  in  perfedl  equilibrio^  and  the 
whole  mafs  conftfts  of  63  m,  a  weight  of  2  grains^ 
added  to  A  or  B,  will  communicate  motion  to  the 
whole^  which  (hews  how  inconiiderable  the  fridtioa 
ii;  in  fome  cafes,  however,  particularly  in  experi- 
ments on  retarded  motion,  the  eflfeds  of  fridlioR 
become  fenfibie,  but  may  be  very  readily  and  ex- 
actly removed  by  adding  rather  lefs  than  twograing 
tothedefcending  weight;  the. weight  (hould  beaU 
ways  lefs  than  what  is  fufHcient  to  put  the  whole 
in  motion* 

The  fpacc  which  bodies  dcfcribe  in  one  fe- 
cond,  by  falling  freely  from  reft,  is  193  inches; 
but  in  the  enfuing  experiments,  the  fpace  is  taken 
at  192  inches  (which  will  be  produdlive  of  no 
error),  in  order  to  avoid  fracflions,  which  would 
render  the  ufe  of  the  inftrument  lefs  cafy  and  in* 
telligiblc. 

Having  now,  I  hope,  fufficiently  explained 
the  inftrument,  1  fliall  proceed  to  experiments 
with  it. 

Let  two  equal  weights  be  fufpended  by  a  line, 
joining  them,  and  going  over  a  fixed -pUUey.  If 
«5f  V)cigbt  be  add<d  lo  tbem,  it  will  preponderate, 
«»rf  in  it*s  defcent  will  dcfcribe  f paces  which  are  as 
^befquares  of  the  times  of  falling  from  reft. 

The  equal  weights  are,  in  the  prefent  cafe,  each 
c^iual  26  m,  and  the  additional  weight  applied  as  a 
L  2  force 

*  Atwood  OD  Hefiilinear  Motion,  p.  314,  }!$• 
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force  to  communicate  motion  nu  Then  the  n 
moved  is  m  -f-  5  2  m  -|-the  inertia  of  the  wheels  i  ] 
making  in  all  64  m.  Now  I  (hall  fhew  you  t 
the  preponderating  weight  defcending  from  qu 
cence  during  i,  2,  3,  feconds,  defcribcs  in  the : 
fecond  3  inches;  in  the  fecond  3X4 or  12  incl 
in  ,the  third  3X9  or  27  inches ;  the  fpaces being 
fpedlively  as  the  fquares  of  the  times  of  motion 

To  prove  this^  1  affix  the  ftage  to  3  on 
graduated  fcalc>  bring  the  under  furface  of  thepi 
A  to  coincide  with  o  on  the  fcale^  and  let  it  fal 
a  beat  of  the  pendulum^  and  you  will  find  it  fljt 
the  llage  when  the  pendulum  beats  again :  it 
done  fo^  having  pafled  through  three  inches  in  < 
fecond.  I  Ihall  now  place  the  ftage  at  tw€ 
inches^  and  the  weight  will  ftrike  it  exaSIy  at 
fecond  fecond;  when  placed  at  twenty-feven, 
ftroke  of  the  weight  will  coincide  with  the  th 
fecond. 

1  ihall  now  fubjoin  a  table  of  fomc  cxpc 
ments  of  the  fame  kind  to  be  repeated  by  yo 
fclves^  which  will  rivet  the  theory  more  perfcc 
in  your  mind,  and  render  you  readier  in  apply 
it.  to  particular  cafes.  Let  A  hold  36  i  m>  B,  36^ 
The  fpaoes  defcribed,  &c.  will  be  as  in  this  tabl 


Moving 
torce. 

Mafs 
.  moved. 

Accelcrafing 
force. 

Times  of  mo- 
ticii  ill  I'ecoiiils. 

Spaces  dcfcribi 
from  reft  cftima 
in  inches. 

I 

I 

2 

4 

im 

96  m 

T^T 

3 

4 

5 
6 

7 
8 

36 
64 
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If  different  fines  are  fucceffively  applied  in 
ueti'  -yai  quant  it  irs  of  matter  from  qtde/renee^ 

t/j  .  Jcnlfd  in  any  ^iven  time  zvill  he  in  the 

ne  proportion  with  the  forces. 

ly,  equal  to  64  m,  fall  freely,  or  be 
>y  it's  own  natural  weight,  it  will  de-. 
nbe  t^2  inches  in  the  firlV  fecond  of  it*s  fall ; 
^t  if  the  fame  mafs  is  impelled  by  only  V?  of  it's 
cclcrating  force  cr  i  m,  it   will  dcfcribe  only  a 
64th  pan  of  the  former  fpacc^  that  is,  only  three 
'  chcs,  a  proportional  effeft. 

To  prove  this,  let  A  and   B  be   each  made 
equal  15  m,  then  will  A  and  B  be  equal  50  m ;  to 
^Uadd  II  for  the  inertia  of  the  wheels,  and  we 
re  6 1  m  :  now  put  2  m  on  A  and  i  m  on  B,  and 
toafs  moved  >vill  be   64  m^  and  the  moving 

Set  the  ftage  to  three  inches,  and  let  the 
^ht  defcend  as  before,  and  you  will  find  it  ftrikc 
ftage  at  the  6rft  fecond. 

If  the  fame  fire e  impels  different  quantities  of 

Iter  for  any  given  time,  the  /paces  defcribed  from 

I  will  be  iuverfely  as  the  quaniitiesof  matter  moved. 

Let  the  force  be  w,  and  the  mafs  64  m,  and  the 

Icfcribed,  during  one  fecond,  will  be  3  inches* 

ft  the  force  be  m,  and  the  mafsji  m,  and  the 

cc  defcribed  in  the  fame  time  will  be  lix  inches. 

If  the  force  f?e  increafed  or  dimimjhed,    in  the 

w  propr^rtion  with  the  mafs  moved^  the  fpaces  de^ 

iUdfrom  rejl  in  the  fame  time^  zvi/l  te  equal. 

Let  m,  1  m,  and  4  m,  be  the  n>oving  forces 

tiich  impel  the  quantities  of  matter  32  m,  64  m, 

*^28  m,  rcfpedively;    then    m   will  Impel  32  m 

ugh    fix   inches  in  a  fecond,  and  will  impel 

^n>i  and  4m  will  impel  128  m  through  the  fame 

cc  in  the  fame  time* 

From  hence  you  may  infer,  that  when  diffe- 

'  quantities  of  matter  defcribc  equal  fpaces  in 

l^iUimcSj  being  ace  derated  from  cjuicfccnce,  the 

If  3  force*, 
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forces  muft  be  in  the  fame  proportion  with  tb 
quantity  of  matter*  moved. 

If  a  body  be  moved  frmn  quiefcence  during  any 
given  (ime^  it  wit!,  at  the  end  of  that  time,  have 
acquired  fucb  a  velocity,  as  ivill,  if  continued  uni^ 
form,  carry  it  through  double  the  fpace  which  the 
body  has  already  defcribed  to  acquire  that  velocity. 

Let  the  mafs  moved  be  64  m,  the  force  m ; 
but  let  m,  which  is  applied  to  A  as  the  moving 
force,  be  one  of  the  flat  rods.  Place  the  circular 
frame  fo  that  A  may^  in  dcfcendtpg,  pafs  through 
it^  and  it's  height  be  fuch,  that  the  inftant  the 
lower  furface  of  A  arrives  at  twelve  inches,  the 
rod  m  may  be  intercepted  by  the  furface  of  the 
circular  frame,  and  thereby  be  prevented  from  the 
further  acceleration  of  the  fyftem.  Let  the  other 
ftagebe  fetat  thirty-fix  inches,  that  is,  twenty-four 
fsom  the  circular  frame. 

Now,  let  the  weight  begin  to  defccnd  from 
on  the  fcale  at  any  beat  of  the  pendulum;  at  the 
end  of  the  fecond  beat,  you  will  hear  the  rod  ftrikc 
the  circular  frame,  having  defcribed  twelve  inc^hcs 
with  an  unifonnly  accelerated  motion  ;  and  at  the 
fourth  beat  of  the  pendulum,  it  will  ftrikc  again 
the  fquare  ftage  at  thirty-fix,  having  defcribed] 
twenty-four  inches  with  an  uniform  motion* 

If  the  fame  force  aHs  on  the  fame  mafs  for  dif^ 

ferent  times,   one  fecond,   tivo  fcconds,    and    three 

feconds,   the  velocities   generated  will   then  be  ftt 

inches,  hyj,  inches,  and  6X3  ^^^^^^  '''  ^  fecond  re^ 

fpe lively,   being   in   the  fame  proportion  with   tbi 

times  wherein  the  given  force  afis. 

Set  the  circular  frame  to  three  inches,  and  the 
ftage  to  nine  inches,  let  the  mafs  moved  be  64  m, 
the  moving  force  m ;  the  weight  A  beginning  it's 
dcfcent  at  any  beat  of  the  pendulum,  the  rod  will 

ftrikc 


» 


•  By  this  term  I  mean  onTy  the  qnantity  oF  ponderable 
maUer.  for  that  there  is  other  maugr  19  evident  from  a  tboufw^ 
•xpertmcntSt 
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ftrike  the  circular  frame  at  the  next  beat :  here  the 
rod  is  removed,  and  A  dcfcribes  the  next  fix  inches 
uniformiy  m  one  fecond>  ftriking  the  ftage  at  nine 
at  the  fecond  beat.  By  trying  the  apparatus  in 
other  inftances,  you  will  firyi  the  experiments  co- 
ictding  with  theory, 

Thcfe  experiments  fhes\%  that  if  this  force,  by 
thich  bodies  are  accelerated,  is  the  fame,  the  ve- 
rities generated  are  in  the  fame  proportion  as  the 
times  wherein  the  given  force  acft$. 

If  a  body  is  moved  from  reft  through  the  fame 
paie  by  different  forces,  the  velocities  generated 
fill  be  ttt  a  fubdti  plicate  ratio  of  the  forces. 

Let  the  mafs  be  64  m,  and  the  force  m,  you 
rill  find  the  velocity  acquired  in  defcribing  twelve 
fichcs  in  two  feconds,  m  ill,  when  the  force  is  re- 
novcd,  carry  it  through  twelve  inches  in  one  fe- 
cond, Now^  1^  the  rnals  be  64  m,  and  the  fofce 
)m,  and  you  will  find  the  body,  in  defcribing 
inclve  inches,  will  acquire  a  velocity  of  twenty- 
four  inches^  being  in  the  ratio  of  i  to  2,  w  hcreas 
the  accelerating  forces  arc  in  the  ratio  of  I  to  4. 

If  different  quantities   of  matter  be  impelled 
through  the  fame  f pace ^  and  acquire  the  fame  velocity^ 
^be  moving  forces  mujl  be  in  the  fame  ratio  as  the 
Hantities  of  matter  moved* 

Let  the  quantities  of  matter  be  64  m  and 
48m,  the  fpace  twelve  inches,  the  moving  forces 
iRuft  be  as  4  to  3,  The  following  experiments  w  ill 
iJluJbraCe  this  truth* 


V'^'0|lllfCM« 

f0fCC4> 

Spaces  Jekribetl 
in  incliies. 

12 

V  clu^kiet  nc- 
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in  a  fecond* 

1  *" 

64  m 
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You  may  infer,  from  the  two  laft  fcts  of  expe- 
riments, that  the  moving  forces,  which  impel 
bodies  through  the  fame  fpaces,  are  in  the  joint 
ratios  of  the  quantities  of  matter  moved,  and  the 
fq^uare  of  the  velocities  generated. 

If  a  given  quantity  of  matter  is  impelled  frm 
reft  through  different  fpaces  by  the  aSion  of  the  fame 
force,  the  velocities  generated  will  be  in  afubduplicati 
ratio  ofihefpace  defcribed. 

Let  the  quantity  of  matter  be  64  m,  the  force 
m,  the  fpaces  3  in.  and  ay  inches,  the  velocities 
will  be  in  the  ratio  of  i  to  3 ;  for  it  will  defcend  in 
the  firft  experiment  through  fix  inches  in  a  fecond; 
in  the  next  you  will  find  it  go  through  i8  inchesina 
fecond.  Now  the  fpaces  arc  3  and  27,  or  as  i  to  9; 
the  velocities  acquired  as  6  to  18,  or  as  i  to  3, 

Experiments  on  uniformly  retarded  motion.  The 
laws  obfcrved  during  the  motion  of  uniformly  ac- 
celerated bodies,  having  been  made  evident  to  the 
fcnfes  by  the  preceding  experiments,  I  ftiall  now 
proceed  to  ilhiftrate  the  properties  of  unifomily 
retarded  motion. 

When  a  body  is  thrown  perpendicularly  up- 
ward from  the  earth's  furface,  it  is  continually  rc- 
fiftcd   by  a  force   which   is  equal  to    the  body's 
weight;  and  the  weights  of  ail  fubftances  being 
proportional  to  the  quantity  of  matter  they  contain, 
it  follows,  that  the  Ibrce  which  retards  the  perpen- 
dicular afccnt  of  any  body,  being  meafured  by  it's 
w  ci|Tht,  divided  by  the  afccnding  mafs,  is  the  fame, 
being  I'uch  as  dcftroys  a  velocity  of  32 7  feet  in  each 
fecond  of  the  body's  motion.     But  in  order  to  il- 
lultrare,  by  experiment,  the  general  laws  according 
to  which  bodies  are  retarded  by  the  adlion  of  con- 
ftant  forces,  fuch  mtthods  diould  be  made  ufe  of 
as  will  enable  us  to  apply  different  refilling  forces 
to  the  fame  mafs  of  nutter,  and  the  fame  refitting 
force  to  different  quantities   of  matter,  both  of 

which 
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which  conditions  will  be  fatisficd  by  the  inftrumcnt 
now  before  you- 
^  A  relifting  force  is  to  be  under ftood  as  con- 
^Btying  prccifely  the  fame  idea  as  the  term  moving 
torce;  except  lb  tar  as  regards  the  directions  in 
which  thofe  forces  z£t  in  refpedl  to  the  body's 
motion^  thefe  dire<5lions  being  contrary  to  each 
other. 

If  equal  quantities  of  matter  are  projeiiled  in 

free  fpace^  with  any  given  velocity,  and  arerefifted 

Hby  different  but  invariable  forces,  the  fpaces  de- 

^icribed  before  the  whole  motion  is  dcftroycd,  will 

be  inverfely  as  the  relifting  forces. 

Let  the  mafs  projeded  be  6i  m,  with  a  velo* 
city  of  18  inches  in  a  fecond,  and  let  it  be  refifted 
fuccclTively  by  the  forces  m,  2  m,  3  m  ;  the  fpaces 
dcfcribed  before  the  motion  of  the  body  is  de- 
ftroycd  will  be  im,  iiii,  i-Lij  thefe  fpaces  being  in 

the  invcrfe  proportion  of  the  refifting  forces. 

kMake  A  equal  24Xm,  B  equal  35^;  apply  to 
ic  upper  ftirfacc  of  A  two  rods,  each  equal  ni; 
!icn  will  the  weight  A  preponderate  and  defcend 
y  the  a<Jlion  of  a  moving  force  equal  m,  the  whole 
mafs  moved  being  equal  63  m.  Set  the  circular 
frame  to  26.44;  ^^^^  ^^c  weight  A,  by  defcribing 
from  reft  the  fpace  26.44  inches,  will  acquire  a  ve« 
locity  =^  v^ULLiiiL2i^,  equal  to  18  inches  in  a 
fccond;  and  at  that  inftant  the  two  rods,  each 
equal  m,  being  removed,  the  weight  will  continue 
to  defcend  with  an  uniformly  retarded  motion; 
hich  will  be  precift:ly  the  fame,  as  if  a  mafs  of 
61  m  was  projedcd  with  a  velocity  of  j  8  inches  in 
i  fecond,  in  free  fpace,  and  a  force  of  refiftance 
equal  m  were  oppofcd  to  it's  motion ;  wherefore 
A  (with  the  ^her  parts  of  the  fyftem)  will  lofe  it's 
motion  gradually,  and  will  defcribc  a  fpace  equal 

11^25.6  inches  before  it's  motion  is  en- 
tirely 
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tircly  dcftroycd.  You  will  therefore  have  to  dc* 
fcend  as  low  as  52  inches,  before  it  begins  to 
afcend  by  the  fupcrior  weight  B. 

If  any  tody^  moving  in  free /pace  uniformly,  is 
reftfied  by  a  conftant  force^  for  any  given  time  le/s 
ibaH  that  in  which  the  whole  motion  would  he  de^ 
ftroyed,  the  f pace  defcribed  will  be  the  difference  be^ 
iween  the  /pace  which  meafures  the  initial  velocity 
of  motion  multiplied  into  a  number  expr^ng  the 
given  time,  and  that  fpace  which  the  body  wonii 
defcribe,  if  accelerated,  during  the  given  time,  from 
quiefcence,  by  a  force  equal  to  that  of  reftftance. 

Let  a  mafs  63!  m,  be  projedlcd  with  a  velocity 
of  11.877  inches  in  a  fecond;  if  it  be  refilled  by 
a  force  equal  to  im^  it  will  defcribe  21.95  inches 
in  three  feconds.  To  this  end,  make  A  equal  26  m, 
and  B  equal  261  m,.and  apply  a  flat  rod^  ilmj  to 
the  upper  furface  of  A;  fct  the  circular  frame  to 
11.877  on  the  fcale,  then  will  A  defcend,  the  moving 
force  being  m,  and  the  mafs  moved  equal  65  m. 
When  it  has  defcribed  1 1.877  inches,  it  will  haft 
acQuired  a  velocity  of  11.877  inches  in  a  feconds 
and  the  rod  being  at  that  time  intercepted,  A 
will  begin  to  defcend  with  an  uniformly  retarded 
motion,  and  will  ftrike  the  fquare  ftage  fet  at  33#83» 
at  the  fifth  beat  of  the  pendulum,  and  thus  defcribe 
a  I  ..95  inches  in  three  feconds. 

Of  the  Descent  of  Bodies  on  Inclined  Planes. 

Having  explained  the  dcfcent  of  bodies  falling 
freely  by  the  force  of  gravity,  it  will  be  eafy  to  cfti- 
mate  the  force  with  which  they  will  defcend  down 
an  inclined  plane ;  in  which  the  diredlion  of  the 
fall  is  altered,  but  the  abfolute  force  remains  tho 
fame. 

AH  bodies  endeavour  to  fall  by  the  fhorteft 
(ourfe,  that  is,  perpcpdicular  to  the  ogrth.    When 

a  body 
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if  U  with-hcld  from  obeying  the  impiilfe  of 

ity,  it  is  evident  that  it  is  prevented  by  fomc 

pbllaclt  which   rcfiKs  it's  natural  tendency  to  dc- 

nd.     When  bodies,  therefore,  fall  down  inclined 

Wiiws,  you  muft  confider  them  as  obeying   the 

tfual  laws  of  gravity,  as  dcfcending  with  an  uni- 

ily  accelerated  motion^  but  having  the  dircc- 

m  thereof  changed,   and   the   line  of  dcfcent 

igthened. 

If  the  plane  on  which  the  body  is  placed  be 

iher  perpendicular  or  parallel  to  the  horizon,  the 

edion  of  the  line  of  dcfcent  is  not  changed: 

kn  the  body  is  on  a  plane  parallel  to  the  ho- 

it  finds  an  invincible  obflacle  to  it's  de- 

::  when   the  plane   is   perpendicular   to  the 

mzon,  it  will  fall  freely,  according  to  the  Iaw« 

ready  explained. 

But  when  the  plane  is  inclined  to  the  horizon, 
5fcs  in  part  the  dcfcent  of  the  body  towards 
th, 
Thofe  bodies  which  defcend  on  an  inclined 
lane,  have  an  abfolute  and  relative  gravity* 
^^  Their  abfolute  gravity  is  the  force  with  which 
^ftey  would  defcend  perpendicularly  to  the  earth's 
^Brface,  if  their  fall  were  impeded  by  no  obftacle; 

P'**tir  relative  gravity  is  this  fame  force  diminiihed 
the  refiftance  of  the  plane. 
The  line  A  B,  Jig,  14,  pi,  1,  perpendicular  to 
I  he  horizon,  is  called  the  height  of  the  plane;  the 
fclique  line,  A  D,  is  the  length  of  the  plane ;  the 
nc  B  D,  parallel  to  the  horizon,  is  the  bafe  of  the 
Bine;  and  the  angle  A  DB,  that  the  plane  makes 
■th  the  horizon,  is  called  the  angle  of  inclination, 
'      If  a  tody  Jails  freely  from  a  jlate  of  reft  the 
tngtb  of  an  inclined  plane  (AD),  1.  IT  s  motion  zvill 
'  UKifcmih  accelerated,    2.  7be  velocity  it  acquires 
it's  de/centf  is  to  that  which  it  would  have  ac* 
irtd   tn  the  fame  fim^,  falling  freely   and  per^ 

pendiCTilarht 
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pendicularly,   as  the  height  of  the  plane  is  toit'^ 
length. 

Let  C  be  a  body  placed  on  an  inclined  plane, 
the  adion  of  gravity  would  caufe  it  to  defcend  id 
the  line  C  G,  perpendicular  to  the  earth :  this  line, 
therefore,  reprefents  the  abfolute  force  of  gravity 
on  this  body. 

Refolve  the  line  CG  into  two  forces;  onc^ 
C  F,  perpendicular  to  the  inclined  plane,  the 
other,  C  H,  parallel  to  it.  The  line  C  F  will  rc- 
prcfent  that  part  of  gravity  which  is  deflroyed  by 
the  inclined  plane,  or  by  which  the  body  is  pre- 
sented from  falling ;  and  the  line  C  H,  or  F  G, 
vill  reprefent  the  remaining  force,  or  the  relative 
gravity  which  ads  on  the  body  to  make  it  dc» 
fccnd. 

The  force,  therefore,  which  afts  on  the  body 
to  make  it  defcend,  is  to  the  abfolute  force,  or  that 
which  would  caufe  it  to  fall  freely  and  peq)en- 
dicularly,  as  F  G  to  C  G;  or  the  triangles  D  A  JB, 
CFG,  being  fimilar,  as  A B  to  A D:  and  fince  in 
whatever  place  the  body  is  fituated,  the  triangle 
C  F  G  is  the  fame,  it  is  plain  that  at  every  inft^ 
of  the  dcfccnt,  the  force  F  G,  which  caufes  the 
body  to  defcend,  is  the  fame,  or  conftant;  and  the 
motion  produced  is  therefore  uniformly  acce- 
lerated, and  will  accord  with  the  laws  thereof. 

As  the  motion  of  a  body  down  an  inclined 
plane  is  uniformly  accelerated,  in  the  fame  manner 
as  the  motion  of  a  body  falling  freely,  it  follows, 
that  at  the  end  of  any  given  time,  the  velocity  ac- 
quired muft  be  as  the  accelerating  forces:  but 
thefe  are  as  the  height  of  the  plane  to  the  length; 
and  confequently  the  velocities  acquired  at  the  end 
of  any  given  time,  muft  be  in  the  fame  propor- 
tion. 

It  follows  from  hence,  that  the  force  which 
eaufes  ike  dcjcent  vf  a  body  on  an  inclined  plane ^  is 

onlj 
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#rfT  tbf  force  of  gravsty  divnnijhed  in  the  rath  of 
ibtbcigbt  of  the  inclined  plane  to  iVs  length  ;  that 
the  velocities  acquired  are  as  the  times,  and  follow 
fkcprogrcfljon  of  the  ordinary  numbers  i^  2, 3,4, 5  a 
J  the  fpaces  defcribed  from  A,  arc  as  1 « 4^  9, 1 6,  &c*  % 
[riierpacesdefcribed  in  each  interval, are  as  Ij3,  5,7; 
ind,  lafUy,  the  fpace  defcribed  in  defcending  from 
A  to  D^  is  but  half  the  fpace  the  body  would  have 
"Jcfcrib<xi   in    the   fame  time,   moving  uniformly 
rkh  the  velocity  the  body  had  acquired  at  D, 

A  little  rcflc45lion,  independent  of  geometry, 

rill  render  the  fubjeft  clear  to  you,  and  may  per- 

ips  be  more  agreeable.     The  plane  oppofes  the 

jjeqjcndicular  defcent  of  any   body*  arfd   confe- 

quendy  diminiflies   it'j?  abfolute   gravity   only  in 

irtion  to  it's  inclination:  for  if  it  were  per- 

picular  to  the  horizon,  it  %vould  not  rclift  at  all 

TRe  fall;  but  the  more  it  is  inclined,  or  the  lefs  the 

perpendicular  height  in  proportion  to  it's  length, 

inorc  the  body  is  fullained  by  the  plane,  and 

Jcfk  is  it's  relative  gravity;  confequently  the 

ovc  gravity  of  the  body  is  to  it's  abfolute  gra- 

pty,  as  the  length  of  the  plane  to  it's  height. 

If  the  angle  of  inclination  becomes  a  right 
angle*  the  relative  gravity  becomes  the  fame  as  the 
abfolutL 

If  there  is  no  inclination^  tne  relative  gravity 
becomes  o,  and  the  body  has  no  tendency  to  move 
on  the  plane.     If  the  angle  of  inclination  is  infi- 
litely  fmall,  the  relative  gravity  will  be  alfo  infi- 
itcly  fmall,  increafmg  with  the  angle  of  incli* 

If  from  tht'  point  B,  fig.  I4,  pi.  I,   a  per  pen*- 
irVif/^r*  B  K,  he  druzvn,  A  K  will  be  the  fpace  dc- 
xribed  by  the  body  Cj  in  the  time  it  would  have 
iUu  freely  from  A  to  B. 

VoT,  on  account  of  the  right  angle  at  B,  it  is 
proved  by  geometry,  that  as  A  K  is  to  A  B,  fo  is 

AB 
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iJL  B  to  A  D  :  that  is,  A  K,  the  fpacc  defcribcd  bj 
the  body  in  defcending  from  A  to  K^  is  to  A  B^  the 
fpace  it  would  have  dcfcribed  in  falling  frcdy  in 
the  fame  time  from  A  to  B;  as  A  B^  the  velocit) 
acquired  by  the  body  in  defcending  from  A  to  Dj  ii 
to  A  D,  the  velocity  it  would  have  acquired  ii 
falling  freely  during  this  time. 

But  the  velocity  acquired  by  the  body  C,  ir 
defcending  from  A  to  D,'  is  to  that  which  it  woulc 
have  acquired  in  falling  freely  during  the  Sum 
time  as  A  to  AD;  therefore,  while  the  body  C 
falls  from  A  to  K.  it  would  have  fallen  freely  fron 
A  to  B;  or,  in  other  words,  A  B  and  A  K  are  tlM 
Spaces  that  it  defcribes  in  the  fame  time. 

CorolL  If  a  body  be,  theitfore,  at  any  poinl 
K  of  an  inclined  plane,  and  the  fpict  be  requurt^ 
that  it  would  have  dcfcribed  in  the  fame  time  fromA 
ycni  ntay  find  it  by  letting  fall  a  perp^idicular  fnm 
A  D  on  A  B,  which  will  give  the  required  point. 

CorolL  A  body  takes  up  as  much  time  in  de- 
fcribing  the  length  of  the  chord  A  K,  fig.  i  Jgi  pi.  t 
of  a  circle,  as  to  fall  freely  from  a  ft  ate  of  reft  th 
length  of  the  diameter  A  B :  for  joining  K  B,  tb 
angle  A  K  B  will  be  a  right  angle,  and  the  lin< 
'A  K  will  reprefcnt  an  inclined  plane;  and  there- 
fore, from  the  preceding  article,  the  fpaces  A  K 
A  B,  ought  to  be  dcfcribed  in  the  fame  time. 

therefore  the  times  of  defcent  on  the  chords  oftbi 
fame  circle  are  equal;  and  if  A,  fig.  15,  pi.  I,  li 
the  point  of  contah  common  to  fever al  circles ,  iodic, 
defcntding  in  the  fame  time  the  length  of  the  chord. 
A  K,  AD,  A  B,  A  E,  will  defcribe  in  equal  tirne^ 
the  farts  k  K,  d  D,  b  B,  e  E. 

Two  bodies  fetting  out  at  the  fame  time  fron 
the  fame  point  A,  and  defcending  on  planes  A  D 
AM,  fig.  14,  pL  i>  differently  inclined,  reauirei 
the  fpace  of  the  body  defcending  on  A  M.  Wher 
the  body  defcending  on  AD  is  at  K,  raile  the  per 

pendicula 
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cular  K  B.  and  from  the  point  where  it  mceis 
rtical  A  B,  let  fall  the  perpendicular  A  L, 
r)d  L  will  be  the  point  fought* 

The  TIME  a  body  employs  in  defc ending  an  in^ 
imi  plane t  is  io  the  time  in  which  it  would  falk 
rfotdicuUrly  the  fame  height,  as  the  length  of  the 
iane  to  the  height  of  it.  That  is,  the  time  a  body 
nploys  to  run  from  A  to  D,  is  as  much  longer 
2R  the  time  it  would  fall  perpendicularly  from  A 
il\  as  A  D  is  longer  than  A  B. 

Wc  have  fliewn  that  AK:AB::AB:AD| 
Dm  ^  hence  it  follows,  by  geometry,  that  A  K  is 
as  the  f^juare  of  the  firft  to  the  fquarc  of 
cond» 

fou  may  illuftrare  this  conclufion  by  num- 

3  is  to  6  as  6  to  12;  and  3  is   to  12,  the 

as  9,  the  fquare  of  the  firft,  is  to  36,  the 

iaare  of  the  fecond ;  for  as  3  is  contained  four 

dcs  in  11,  fo  is  9  in  36.     This  being  premifed^ 

Ifcmay  find  what  proportion  the  time  of  defcent, 

Bgh  a  part  of  the  plane  A  K,  bears  to  the  time 

efccnt  through  the  whole  plane  A  D^ 

From  the  laws  of  uniformly  accelerated  mo* 

1^  we  know  that  the  fpaccs  defcribcd  arc  as  the 

js  of  the  times  in  which  they  arc  defcribcd; 

>nfeqocmly,  as  A  K  is  to  A  D,  fo  is  the  fquarc  of 

ic  time  in  which  A  K  is  defcribcd,  to  the  fquare  of 

the  time  in  which  A  Dis  defcribcd:  but  the  fquarc 

of  A  K  is,  to  the  fquarc  of  A  B,  as  A  K  to  A  D ; 

iher  e  time  of  defccnt  through  A  K,  is  to 

^at  L.i,  ,.^h  AD,  as  A  K  to  AB;  but  A  D  is  to 

B,  as  A  B  to  A  D;  confcquently,  the  time  of  the 

iy  in  dcfcending  through  A  D,  is  to  the  time  of 

IC  defccnt  through  A  D,  as  A  B,  the  height  of  the 

Jane,  to  A  D,  the  length  of  it :  but  fince  a  body 

loyj  the  fame  time  in  dcfcending  through  A  K 

mough  A  B,  wc  conclude  that  the  time  of  the 

pcndicular  dcfcetu  through  A  B,  is  to  the  time 
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of  the  oblique  dcfcent  through  A  D,  as  the  height 
of  the  plane  is  to  the  length  of  it. 

Hence  ive  conclude^  that  the  time  employed  to 
dejcend  the  length  of  any  number  of  inclined  planes  of 
the  fame  height  ^  are  to  one  another  as  the  length  oftbefe 
planes ;  for  A  K  is  to  A  B,  as  the  time  employed  to 
defccnd  from  A  to  D,  is  to  that  employed  to  de- 
fcend  from  A  to  B.  By  the  fame  reafon,  A  M  is 
to  AB,  as  the  time  in  dcfcending  from  A  to  M  is  to 
the  time  fpcnt  in  going  from  A  to  B;  therefore  the 
time  employed  to  defcend  from  A  to  D,  is  to  that 
employed  to  defcend  from  A  to  M,  as  AD  to 
AM. 

^he  velocity  acquired  by  a  body  falling  perpen-^ 
dicularly  the  height  of  an  inclined  plane  ^K  B,  fig.  14^ 
pi.  I,  //  equal  to  the  velocity  acquired  at  the  end  of 
the  defcent  by  a  body  moving  down  the  inclined  plaie 
from  A  to  D. 

For  the  accelerating  force  of  a  body  falling  ' 
freely  from  A  to  B,  is  to  the  accelerating  force  of 
a  body  moving  along  the  plane  AD,  as  A  D  to 
A  B ;  but  as  A  B  is  to  A  D,  fo  is  the  time  of  the 
fall  from  A  to  B,  to  the  time  of  the  defcent  from 
A  to  D;  fo  that  the  forces  which  accelerate  the 
motions,  are  to  one  another  reciprocally  as  the 
times  that  they  continue  to  act;  confequently,  at 
the  end  of  thofc  times  the  velocities  muft  be 
equal. 

Or,  in  other  words,  the  force  of  gravity,  by 
which  a  body  falls  perpendicularly  from  A  to  B,  is 
greater  than  the  force  by  which  it  defcends  from 
A  to  D;  but  this  laft  force  adls  fo  much  longer  as 
it  is  weaker,  and  therefore  will  in  the  end  produce 
an  equal  eftedl,  or  velocity. 

Confequently  the  velocities  acquired  by  bodies 
fiiUing  down  inclined  planes  are  equal,  when  the 
heights  are  equal. 

^f  a  body  defcends  doivnfeveral  contiguous  in^ 

clinci 
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hcUncd  plams,  A  B,  B  C,  CD,  fig.  17,  pi.  i,  the 
velocity  which  it  acquires  in  it's  dejcent  from  A  to 
D,  is  emial  to  the  velocity  acquired  by  the  perpen-^ 
dicular  fall  ffovi  A  to  D,  on  a  fuppojition  that  the 
hdy  is  not  difturbed  by  any  rcfi fiance  it  meets  with 
at  the  angles  B  and  C. 

Draw   the  horizontal   lines   H  E   and  D  F 
i  through  the  points  A  and  D,  and  produce  the  line 
C  B  and  D  C  as  far  as  G  and  E. 

By  the  corollary  of  the  laft  proportion,  you 

know  that  the  fame  velocity  is  acquiy/:d  at  B,.by  a 

body  defcending  from  A  to  B,  a..  Ji  dcfcending 

from  G  to  B;  confequently  the  fame  velocity  is 

acquired   in  the  point  C,  by  a  body  defcending 

from  A  through  B  to  C,  as  in  defcending  from  G 

toC.     But  the   velocity  acquired  in  defcending 

from  G  to  C,  is  equal  to  the  velocity  acquired  in 

defcending  from  E  to  C;  wherefore  the  velocity 

[  in  the  point  D,  acquired  by  the  dcfccnt  along  the 

!  three  planes  A  B,  B  C,  and  C  D,  is  equal  to  the 

!  velocity  acquired  by  the   dcfcent  from  E  to  D, 

^hich  velocity  is  equal  to  the  velocity  acquired  by 

the  perpendicular  fall  from  H  to  D. 

ItfoHows  from  hence,  that  as  a  body  dcfcends 
through  an  arch  of  a  circle,  or  any  other  curve, 
it  will  have  acquired,  at  the  end  of  it's  dcfcent,  a 
velocity  equal  to  that  it  would  have  acquired  by 
Ming  the  perpendicular  height  of  the  arch. 

For  curves  may  be  looked  upon  as  compofed 
of  an  inlinite  number  of  right  lines. 

If  a  body  defccnds  in  a  curve,  and  another 
dcfcends  perpendicularly  from  the  fame  height, 
their  velocities  will  be  equal  at  all  altitudes. 

If  a  body,  after  it's  defcent  in  a  curve,  fhould 
be  directed  upward  with  the  velocity  it  had  gained, 
it  will  afcend  to  the  fame  height  from  wnich  it 
fell:  for  gravity  acts  with  the  fame  force,  whether 

Vol.  IJI.  '  M  the 
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Here  is  a  triangular  piece  {fig.  22,  pL  i,)of 
brafs,  fupportcd  by  an  axis  paflTing  through  the 
center  c  of  gravity ;  and  you  obferve  that  it  will 
reft  in  any  polition  I  place  it,  whether  the  fide  be 
perpendicular,  parallel,  or  inclined  to  the  hori- 
zon. 

All  bqdics  by  ihcir  gravity  tend  towards  the 
center  of  the  earth,  and  that  by  the  fhorteft  way; 
unlcfs  they  are  hindered  by  fome  obftacle  oppofcd 
to  this  tendency. 

But  gravity  acls  upon  bodies  as  if  their  whole 
weight  was  collected  in  the  center  of  gravity. 
It  follows,  therefore,  that  this  center  zviil  contU 
finally  endeavour  to  dejcend  tozvards  the  center  of  ibe 
rartb;  and  where  all  obftacles  are  removed^  docs^ 
actually  fo  defcend. 

But  the  effort  of  gravity  is  in  lines  perpen- 
dicular to  the  horizon ;  therefore  a  body  will  not 
reft,  except  the  center  of  gravity,  and  point  of 
fufpenfion,  are  in  the  fame  vertical  line. 

yl  body  Jiijpended  freely  by  the  center  will  not 
7vy/,  Hnl(fs  the  center  of  gravity  j  and  point  offufpen^ 
/ion,  are  in  the  fame  vertical  line. 

\\\  every  other  pofit ion, gravity  is  continually 
adiing  to  make  the  body  defcend ;  but  when  the 
point  of  fufpenfion  is  in  the  fame  vertical  line  wifth, 
or  dirciftly  oppofcd  to  the  center  of  gravity,  the 
adion  of  the  weight  is  deftroyed,  and  an  equili- 
briun\  takes  place. 

Reciprocally,  whenever  a  body  is  in  equili* 
brio,  we  may  conclude  it's  center  of  gravity  Vk 
fupported  in  a  vertical  line. 

This  will  be  rendered  more  evident,  by  confi- 
dering  that  gravity  ads  in  a  direction  perpendicular 
to  the  horizon,  and  the  whole  weight  of  a  body 
being  coUedcd  into  the  center  of  gravity,  that 
point  will  always  endearour  to  defcend  in  a  vertical 
line,  and  with  a  force  equal  to  the  body's  weight: 

for 
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for  this  reafon,  a  vertical  line  pafling  through  the 
body's  center  of  gravity,  is  called  the  line  of  di^ 
I  recJiofi. 

When  the  line  of  dircdioh  does  not  pafs 
through  the  center  of  fufpcnfion,  the  body's  weight 
maybe  refolved  into  tv/o  forces;  one  of  which  im- 
pels the  center  of  gravity  diredtly  from  the  center 
of  fufpenfion,  and  is  wholly  counteracted,  becaufe 
the  center  of  fufpenfion  is  fixed  ;  the  other  force, 
ading  in  a  diredtion  perpendicular  to  the  former, 
and  having  no  countcrpoife,  urges  the  center  of 
gravity,  in  the  direction  of  a  tangent  to  that  circle 
vhich  that  point  defcribes  about  the  center  of 
fufpenfion. 

If  a  body  be  fufpended  by  a  line  from  a  fixed 
center^  it  will  be  at  reft  only  v:hen  the  line  coincides 
tx^itb  a  perpendicular  to  the  horizon.  An  inftrument 
of  this  kind  is  called  a  plumb^line^  and  is  of  very 
cxtenfive  ufe,  both  in  philofophy  and  the  mechanic 
arts.  By  means  of  this  line,  the  vertical  diredion, 
and  the  horizontal  plane,  which  is  perpendicular  to 
it,  are  precifely  determined.  The  fame  may  be 
cffefted  by  tYicfpirit-level:  but  the  plumbMne  has 
theadvantage  of  requiring  noadjuftmcnts;  whereas 
the  cxadlnefs  of  the  level  depends  on  the  politiori 
of  the  points  from  which  the  level  is  fufpended,  or 
of  the  bafe  on  which  it  refts,  in  refpect  to  the  up- 
per furfacc  of  the  tube.  It  is  betides  liable  to 
ibmc  imperfections,  from  which  the  plumb-line  is 
free. 

Let  us  now  illuftrate  the  foregoing  politions 
by  experiment. 

I.  I  fufpend  this  round  board,  fig.  2,  pL  2, 
on  the  points  ofthe  calipers  A,  in  fuch  manner, 
that  the  center  of  gravity  coincides  with  the  center 
of  motion;  and  in  this  inftance,  the  body  being 
both  of  a  regular  figure,  and  of  an  homrv.r.ri-.^.i-. 
fubftancc,  the  center  of  gravity  is  cxucilv  m  rl.- 

M   3  ll:iij;. 
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aihl  the  line  of  direnion  faffes  ivilbin  the  hafi\  s 
7i'/il  JI'Mid ;  if  it  pijfs   without  the  bafe^  it   zv^. 

While  the  line  of  direcftion  paffes  through  thi 
bafe,  the  weight  of  the  body  keeps  it  down  with 
force  againft  the  furfacc  on  which  it  rcfts ;  but 
when  the  line  of  dircftion  paflcs  without  the  bafc, 
the  center  of  gravity  Irfes  it'sfupport^  and  the  body 
falls  until  this  center  is  fuflained. 

Thus  the  inclining  body  ABC  D,fg.  7,  pL  2, 
whofe  center  of  gravity  is  E,  ftands  firmly  on  it's 
b:ife  CDIK,  bccaufe  the  lineof  dircftion  fepfalli 
within  the  bafc. 

If  a  weight  A  B  G  H  be  laid  upon  the  top  of 
this  body,  the  center  of  gravity  of  the  body  with 
the  weight  is  raifed  to  I ;  and  as  in  this  ftate  the 
center  of  gravity  I  is  not  fupported,  the  whole 
tumbles  down  together. 

From  hence  you  may  perceive  how  abfurd  it 
is  for  people  to  rife  haftily  in  a  coach  or  boat,  when 
it  is  likely  to  ovcrfet,  for  by  this  means  they  raife 
the  center  of  gravity  fo  far  as  to  endanger  throw- 
ing it  quite  out  of  the  bafe;  if  this  be  done, the 
vehicle  will  be  effedlually  ovcrfct,  whereas  by 
keeping  as  clofe  to  the  bottom  as  poflTiblc,  they 
would  bring  the  line  of  dircvftion  farther  within 
the  bafe,  and  probably  prevent  the  carriage  from 
being  overfet. 

The  broader  the  bafe  is,  and  the  nearer  the 
]inc  of  direction  is  to  the  center,  the  firmer  will 
the  body  (land  ;  on  the  contrary,  the  narrower  the 
bafe,  and  the  nearer  the  line  of  direction  to  the 
edge  thereof,  the  more  eafily  may  the  body  be  over* 
thrown. 

Upon  this  principle  a  body  which  would  fall 
off  the  tabic  of  itfelf,  will  not  fall  olT  although 
>()u  place  a  weight  upon  the  part  which  Joes  not 
rr/i   iip'.Ji  ihc  hiblc,  provided  you  by  that  means 
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throw  the  center  of  gravity  of  the  whole  under  the 
table. 

I  place  this  piece  of  wood,  j?o^.  i,  pL  4,  upon 
the  table  with  the  part  B  from  the  table,  and  fo 
that  the  point  c  may^be  over  the  edge  thereof;  it 
falls  oiF  bccaufe  the  center  of  gravity  is  not  fup- 
ported  ;  but  by  fixing  the  two  wires  D  E,  F  G, 
with  leaden  heads  into  the  board  at  B,  it  is  Sup- 
ported, becaufe  the  center  of  gravity  of  all  the 
three  bodies  is  now  fupported  by  the  table. 

From  hence  you  learn  how  to  baliance  a  body 
refting  upon  a  point  on  it's  under  fide ;  this  is 
effected  by  fufpending  a  weight  from  each  end,  for 
by  this  means  you  bring  the  center  of  gravity 
below  the  point  of  fufpenfion,  it  brings  itfclf  to 
the  lowed  ppint  where  it  refts ;  whereas  before 
the  weights  were  fufpended,  the  center  of  gravity 
was  above  the  point  of  fufpenfion,  and  unlefs  it  had 
been  exadly  over  it,  which  it  is  very  difficult  to 
accomplillij  it  would  defcend,  and  the  body  muft 
fall. 

Various  contrivances  are  executed  that  take 
their  rife  from  this  principle,  that  the  center  of 
gravity  always  tends  to  the  lowed  point  poffible. 
In  France  they  make  ufe  of  an  odometer^  or  coach 
way-wizer,  which  is  fixed  between  the  fpokes  of 
one  of  the  wheels  ;  the  moving  power  in  this  ma-, 
chine  is  a  wheel  loaded  on  one  fide  with  a  weight, 
turning  freely  round  with  it's  axis,  the  center  of 
gravity  being  below  the  axis  on  which  it  turns. 
The  center  of  gravity  in  every  pofition  keeps  the 
loweft  point,  fo  that  the  arbor  and  wheel  turn 
once  round  for  every  revolution  of  the  wheel  ;  the 
arbor  is  properly  conncftcd  with  a  train  of  wheels 
and  pinions,  fo  as  to  regifter  the  revolutions  of 
the  coach-wheel. 

Upon  the  fame  principle  are  alfo  deduced  the 

modes  of  fufpending  the  marine  barometer,  com- 
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conftqucntly,  if  fcvcral  bodies  arc  united  in  a  ma^ 
chine,  or  fevcral  combinations  of  bodies  to  befuf. 
rained,  no  attention  is  to  be  paid  to  the  center  of 
gravity  of  the  fcvcral  parts  which  make  the  fyf- 
tern,  but  only  to  the  center  of  the  whole. 

If  a  rod  or  beam  be  fo  conftrudled  that  the 
line  drawn  through  the  center  of  gravity  and  fuf- 
pcnlion  fliall  be  perpendicular  to  any  given  line  in 
the  rod,  (for  example,  that  which  paffes  along  it's 
upper  furface,)  the  rod  hanging  freely  on  it's  axis 
of  fufpenlion,  w  ill  not  be  at  reft  except  when  that 
given  line  is  in  an  horizontal  pofition. 

Sufpend  this  triangular  piece,  fig^  22,  pi.  i, 
by  the  center  a,  and  when  it  has  ccafcd  vibrating, 
you  will  find  the  iide  which  is  perpendicular  to  a 
Jine  drawn  through  the  center  of  gravity  and  fuf* 
penfion  is  in  an  horizontal  pofition. 

That  this  muft  happen  is  evident,  becaufe  the 
horizontal  pofition,  under  the  circumftances  here 
<Jefcribcd>  is  the  only  pofition  in  which  the  line 
of'diredtion  pafles  through  the  line  of  fufpenfion. 

Upon  this  principle  the  ballance  by  which 
the  weights  of  bodies  are  compared  is  conltrudlcd. 

Of  the  Situation  of  tiii:  Center  of  Gravitv. 

The  center  of  gravity  of  any  line  is  it's  mid- 
dle point. 

The  center  of  gravity  in  regular,  uniform, 
and  homogeneal  folids,  is  at  the  center  of  it's 
figure. 

For  if  from  all  the  points  on  one  fide  of  the 
furface  of  this  folid,  lines  are  drawn  through  the 
center  to  the  oppofite  fide,  thelc  lines  will  be  di-» 
vided  into  two  equal  parts  by  the  center ;  the  two 
parts  of  each  line  are  equal,  and  of  equal  weight, 
and  confcqucntly  the  whole  folid  will  be  in  cquili* 


brio  about  that  Jigure, 
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the  center  of  gravity  of  the  furface  of  a 
fphcre,  or  regular  polyhedron,  is  the  center  of  the 
figure;  that  of  a  prifm  or  cylinder  is  in  the  middle 
of  the  axis  that  pafles  through  the  center  of  gra- 
vity of  their  oppofite  bafcs. 

To  find  the  center  of  gravity  of  the  furface  of 
a  triangle  ABC,  fig.  19,  pi.  i,  bifect  any  two  of  it's 
fides  in  D  and  £,  draw  lines  from  the  oppofite  an- 
gles to  the  points,  and  the  center  of  gravity  will  be 
in  the  intcrfedion  of  the  lines  ;  for  E  A  bifevfls  all 
the  lines  drawn  parallel  to  B  C,  which  conftitutc 
the  furface  of  the  triangle,  therefore  it  pafles 
through  the  center  of  gravity  of  each  line,  and  for 
the  lame  reafon  D  C  pafll:s  through  them  alfo. 

A  fimilar  reafon  proves,  that  the  center  of 
gravity  of  a  regular  polygon,  whofe  number  of 
fides  is  an  odd  number,  is  the  fame  with  the  center 
of  the  figure. 

The  center  of  gravity  of  a  triangle  maybe 
found  by  taking  two-thirds  of  the  line  drawn  from 
any  one  of  it's  angles  to  the  middle  of  it's  oppofite 
fide. 

To   FIND  THE  Center   of  Gravity    of  a 
Trapezium. 

Find  the  center  of  gravity  of  the  two  trian- 
gles formed  by  a  diagonal,  and  join  them  by  a 
llrait  line  ;  find  and  join  alio  by  a  fhait  line  the 
center  of  gravity  of  two  triangles  formed  by  ano- 
ther diagonal ;  the  intcrfcdion  of  thefc  two  lines 
will  be  the  center  required. 

By  the  fame  means  we  may  eafily  find  the 
centef  of  gravity  of  any  polygon. 

Divide  the  polygon  into  as  many  triangles  lefs 
two  as  it  has  fides,  lind  the  center  of  gravity  of 
each  triangle,  and  then  conlidering  thefc  ccntcrii  v 

as. 
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fcedc  from  each  other  with  velocities  reciprocally 
proportional  to  their  maflcs,  their  center  of  gra- 
vity will  remain  at  reft. 

If  the  bodies  be  made  fall  upon  the  wire,  and 
the  center  of  gravity  be  fudained  on  a  pivot,  it  will 
remain  at  reft  though  the  bodies  revolve  round 
with  the  utmoft  velocity  ;  and  the  bodies  will  de- 
fcribe  fimilar  circles  about  it  and  about  each  other, 
the  one  never  overpowering  the  other. 

If  they  be  carried  forward  in  any  manner  by 
any  external  force  adting  upon  them  in  proportion 
to  their  mafles,  their  center  of  gravity  will  go  for- 
ward uniformly  in  a  limit  line,  and  be  moved  juft 
as  if  the  two  bodies  were  united  into  one  at  that 
center ;  and  if  they  be  projedlcd,  their  center  of 
gravity  will  move  in  the  fame  curve  as  other  pro- 
jci^tilcs,  which  is  evident  by  the  motion  of  an 
arro\\',  of  chain  Ihot,  and  of  a  Itick  thrown  from 
the  hand,  the  center  of  gravity  of  thefe  bodies 
moving  like  a  finglc  ball. 

So  alfo  the  earth  and  moon  in  their  motion 
round  the  fun,  do  neither  of  them  defcribe  the  real 
regular  orbit,  ////  //  b  dcfcrihcd  hy  their  common 
cetilcr  of  p\Tvilv  in  the  Jamc  miinucr  as  if  they  veere 
both  iDiiied  in  ibiU  pointy  or  in  the  fame  manner 
the  earth  is  fuppofcd  to  do  when  thefe  inequali- 
ties of  motion  arc  overlooked  ;  and  if  their  dif- 
tanccs  from  the  common  center  of  gravity  be  re- 
ciprocally proportionable  to  their  maffes,  their 
didanccs  from  each  oihcr  may  be  greater  or  Icfs 
in  any  j^roportion. 

If  to  the  two  bodies  A  and  B,  fg.  9,  pL  2, 
there  be  added  a  third  at  D  equal  to  one  of  the 
other,  let  A  and  B  be  reduced  to  their  common 
center  of  gravity,  and  be  confidered  as  a  body 
equal  to  both  placed  at  C,  then  the  common  cen- 
ter of  gravity  of  C  and  D  will  be  found  at  K,  as 
nuicli  nearer  to  C,  as  the  mafs  of  ihe  body  or  bo* 

dies 
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dies  at  C  exceeds  that  of  the  body  at  D.  If  the 
new  body  weighed  but  half  as  much  as  the  others, 
it  muft  be  removed  to  d,  fo  as  to  have  the  diftance 
K  d  quadruple  the  diftance  K,C.  Now  if  C  D  be  a 
^irc;,  and  it  be  fupported  under  K,  the  three  bo-^ 
dies,  whether  D  or  d  be  ufedj  will  be  thereby 
fuftained.  In  taking  the  center  of  gravity  at  K, 
we  coniider  the  wire  as  a  mathematical  line  with- 
out fubflance  or  weight. 

If  thefe  three  bodies,  united  to  or  a<5ling  upon 

one  another  proportionably  to  their  maifcs,  be 

carried  round  their  common  center  of  gravity,  that 

point  will  be  at  reft*     Hence  alfo  in  our  fyftem, 

where  the  fun  and  all   the   planets  move  round 

their  common  center  of  gravity,  that  center  is  at 

reft  in  the  middle  of  the  fyftem.     The  fun  is  on 

account  of  it's  vaft  bulk,  &c.  compared  with  the 

other  planetSj  confidered  in  general  as  the  center 

of  the  fyftem. 

Though  the  center  of  gravity  of  a  body,  or  of 
a  fyftem  of  bodies^  is  often  neither  within  the 
body  itfelf,  nor  any  of  the  combined  bodies  ?  yet 
it  is  to  be  confidered^  with  refpedl  to  it's  fupport, 
drfccnt,or  nfK>tion,  in  any  diredtion^  as  if  it  v/erc  fo 
foliated-  Thus  let  us  fuppofc  A  and  bjig.  24,  pi.  i, 
to  be  at  the  diftance  A  b  from  each  other,  and  that 
Ab  is  no  longer  a  wire  but  a  line  rcprefcnting 
^eir  diftance,  we  ftiall  then  find  their  center  of 
gravity  at  C  without  the  bodies ;  and  if  inftcad  of 
Ac  wire  C  D^fig.  92,  we  fuppofc  D  joined  to  A  and 
Bby  the  wires  AD,  BD,  the  center  of  gravity  K 
vill  be  neither  in  thefe  bodies  nor  the  wire ;  fa 
that  to  fupport  them  you  muft  fuftain  fome  part 
of  the  wire,  as  G,  which  being  maJc  tie  center  of 
[notion,  the  center  of  gravity  will  be  under  it ;  or 
if  W€  fupport  the  point  H,  the  bodies  will  be  at 
teft,  becaufe  the  center  of  gravity  is  over  H  the 
tenter  of  motion. 

Vol.  111.  N  In 
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In  the  ring  ABE,  fig.  lo,  pL  2,  the  center 
gravity  is  in  no  part  of  the  ring,  but  may  be  fu 
ported  by  any  other  point,  O  or  E.  Thus  the  cc 
ter  of  gravity  of  the  ring  of  Saturn  is  within  t 
body  of  the  planet ;  and  though  the  common  cc 
ter  of  gravity  of  the  fun,  moon,  and  earth,  is  witt 
the  body  of  the  fun,  yet  the  common  center 
gravity  of  the  moon  and  earth  is  in  neither  of  t 
bodies,  but  between  them. 

When  any  number  of  bodies  move  in  rij 
lines  with  uniform  motions,  their  common  ccni 
of  gravity  moves  alfo  in  a  right  line  with  z,n  ui 
form  motion ;  and  the  fum  of  their  motions,  cf 
mated  in  any  given  direction,  is  precifely  the  fu 
as  if  all  the  bodies  in  one  mafs  were  carried 
with  the  direction  and  motion  of  their  comm 
center  of  gravity. 

For  the  fum  of  the  motions  of  the  bodies  eii 
mated  in  any  given  diredion  is  prcferved  invari 
bly  the  fame  in  their  collilions,  without  being  1 
feclcd  by  their  ac^Hons  upon  each  that  are  eqi 
and  mutual,  and  have  contrary  diredlions;  ai 
confequcntly  their  center  of  gravity  is  no  wa 
aftciitcd  by  their  collilions  on  any  fuch  adlions,!: 
pcrfcvcres  in  a  ftatc  of  reft  or  uniform  motion, 
any  one  body  pcrfevercs  in  it's  ftate  till  influenc 
by  fomc  external  circumltancc. 

The  name  fyflem  does  not  belong  properly 
any  unconnected  aflTcmblage  of  particles,  but  c 
only  be  applied  with  propriety  to  fuch  colleAi( 
of  particles  as  are  connefted  together  by  mecl 
nical  forces.  The  varieties  in  fuch  connefti 
forces  are  innumerable,  but  we  only  confider  h< 
ihe  motions  of  fuch  fyftcms  whofe  particles  ; 
cunncdcd  by  ynutual  a>iJ  equal  forces. 

Equal  and  contrary  motions  communicated 
any  fyftcm  of  bodies  will  have  no  etfeft  upon  th 
center  of  gravity,  for  they  would  not  difturl 

b< 
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lodjr  equal  to  the  fum  of  them  all  placed  in  their 
enter  of  gravity. 

The  center  of  gravity  of  a  fyftem  of  bodies 
ill  not  be  difturbed  by  their  mutual  attradions, 
the  motions  thus  communicated  arc  always  equal 
id  oppofite  ;  hence  the  center  of  gravity  of  our 
ftcm  is  either  at  reft,  or  moves  on  uniformly  in  a 
ait  linci  The  latter  is  fuppofed  by  Dr.  Herfchcl 
be  the  cafe  from  the  change  which  has  been  ' 
rferved  in  the  relative  fituation  of  foihe  of  the 
Qcd  ftars^ 

Hence  alfb  the  cferttet-  of  gravity  of  the  earth 
!iot  affeded  by  the  motions  on  it's  furface  and 
»wcis:  when  a  cannon  ball,  for  inftance^  is  thrown 
)wardsj  the  projeding  force  re-adling  on  the 
rth  caufes  it  to  move  in  a  contrary  diredion^  but 
the  knotions  are  equals  the  center  of  gravity  re- 
ains  the  fame. 

The  hiotions  and  adibhs  of  bodies  upon  each 
her  in  a  (pace  that  is  carried  uniformly  forward^ 
e  the  fame  as  if  that  fpace  was  at  reft  ;  and  any 
^wers  or  motions  that  ad  upon  all  the  bodies  fo  as 
produce  equal  velocities  in  them  in  the  fame  oj" 
parallel  right  lines,  have  no  efFed  on  their  mu- 
aJ  adions  or  relative  motions^ 

Thus  the  motions  of  bodies  on  board  a  (hip 
It  is'  carried  fteadily  and  uniformly  forward^  are 
rformed  in  the  fame  manner  as  if  the  ftiip  were 
reft.  When  a  fleet  of  fliips  is  carried  away  by  an 
iform  current,  their  relative  motions  are  no  way 
i5dcd  by  the  current,  but  approach  to  or  recede 
rtn  each  other  as  they  woula  if  no  fuch  current 
ifted.  The  motion  of  the  earth  and  air  round 
I  axis  has  no  etted  on  the  adion  of  bodies  and 
mts  on  it's  furface,  only  fo  far  as  it  is  not  redi- 
eal  and  uniform. 

In  general,  the  adions  of  bodies  on  each  other 

pend  not  upon  their  abfoiute  but  relative  mo- 

N  a  tion. 
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Tied  out  firfl:  to\t^ds  the  right  fide^  and  then  tOt 
^'ards  the  left^  at  the  fame  time  that  it  goa 
forwards^  \vhich  is  the  reafon  vfhy  thofe  who 
flraddle  in  their  v^alk>  as  fat  people  commonly  ^  ' 
are  obferved  to  ivaddle :  indeed  every  body  wad- 
dles more  or  lefs,  but  they  who  walk  pretty  clofe 
do  it  fo  little  as  not  to  be  perceived. 

Ducks^  gccfe^  and  the  greateft  part  of  watch 
fowl,  whofe  legs  are  fet  wide  afunder  for  the  com 
venience  of  fwimming  and  turning  quick  in  the 
water,  have  always  a  waddling  motion  upon  lands 
but  a  cock,  a  dork,  an  oft  ridge,  and  many  other 
birds  that  arc  not  web-footcd,  walk  diredly  for- 
wards without  waddling,  more  cfpecially  when  they 
walk  flow.  Quadrupeds  fcldom  or  never  waddle, 
becaufc  they  have  commonly  three  feet  upon  the 
ground  at  a  time.  The  ancients  obferving  thit 
horfes  and  other  quadrupeds,  in  galloping^  lift  up 
their  two  fore  feet  and  then  their  hind  feet,  asfoon 
^s  the  two  fore  feet  arc  fet  down,  imagined,  that 
in  walking,  as  well  as  pacing  and  trotting,  an 
horic  has  two  feet  oji  of  the  ground  at  one  time; 
and  accordingly  in  their  ftatues  they  have  reprc- 
fented  their  horfcs  with  two  legs  off  the  ground 
diagonally  oppofite  :  the  modern  ftatuaries  have 
fallen  into  the  fame  error.  Borelli  has  ftiewrij^that 
this  is  an  en  or,  and  inconfiftcnt  with  the  fimpli- 
city  and  wifdom  wc  obfcrvc  in  the  works  of  na- 
ture; to  his  trcatife,  "  De  Motu  animalium,"  1 
mud  refer  you. 

In  Jki:uin^;^t\vc  ilii:^  of  direction  pafles  through 
the  foot  on  which  the  flcaiter  moves;  and  as  he 
raifes  his  foot  from  the  ice,  ho  fcrapcs  it  in  a  con- 
trary dirct'noa  to  tl;at  in  which  he  defigns  to 
move,  VivA  ric  rclifiance  of  the  ice  upon  it  pulhes 
him  fcrwurcis. 

In  jiif>rp  ;'i',  tlic  center  of  gravity  rifes  from 

the  ground,  and  is  carried  forward  at  the  fame 

fime.     To  render  this  plainer,  1  will  explain  it  bjr 

2  a  vej| 
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a  ¥»7  fimple  infiance :  if  you  fct  one  end  of  a  bow 
iSJck  on  the  ground,  and  with  your  hand  bend 
dawn  the  other  end,  upon  letting  this  end  go  the 
bow  flies  out  gtonce,  and  Jumps  from  the  ground  ; 
far  the  elallicity  of  the  ftick  unbends  it  equally 
both  ways,  and  as  the  adlion  of  one  end  is  down- 
wards and  prefles  upon  the  ground,  the  re-ad  ion 
till  be  upwards,  and  the  center  of  gravity  will 
have  a  motion  communicated  :o  it  in  that  direc- 
tion, and  will  therefore  continue  to  rife,  and  the 
tick  will  by  this  means  be  carried  off"  from  the 
ground  till  it*s  weight  puts  a  flop  to  it's  farther 
aicent,  and  makes  it  fall  back  again. 

The  force  of  the  mufcles  is  that  which  in 
jumping  fupplies  the  place  of  elafticity,  for  by 
bending  the  joints  of  the  two  heels,  the  two 
knees,  and  the  two  thighs,  there  arc  fix  bows  bent ; 
and  if  all  thefe  are  fuddenly  iiraitened  by  the  force 
of  the  mufcles,  the  center  of  gravity  of  the  body 
will  have  a  motion  upward  communicated  to  it, 
and  the  body  will  by  this  means  be  made  to  rife 
ftom  the  ground.  If  we  are  to  jump  directly  up- 
wards, we  pufli  the  ground  on  which  we  ftand 
dircdlly  downwards  ;  but  if  we  move  obliquely,  fo 
,as  to  rife  and  to  jump  forwards  at  the  fame  time, 
then  M'e  pufh  the  ground  obliquely  backwards 
with  both  feet  together. 

You  may  now  conlider  what  it  is  that  makes 
the  difference  between  zvalking  and  running:  if 
you  imagine  that  thefe  two  modes  of  motion  differ 
only  in  the  degree  of  fwiftncfs,  and  that  as  walk- 
ing is  a  flow  motion,  fo  running  is  only  a  fwifter 
n)otion  of  the  fame  fort,  you  are  much  miftaken  ; 
for  thefe  two  motions  differ  in  fort  rather  than 
in  degree.  Indeed  they  do  not  differ  alwavs  in 
<iegree,  for  there  arc  fome  who  will  walk  fallcr 
than  others  can  run  ;  we  can  walk  quick  and  run 
flow;  in  a  word,  they  are  two  entire  different  modes 
*  N  4  of 
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of  motion.  Walking  is  movii^  forward  byfteps, 
fo  as  never  to  have  both  legs  oftthc  ground  at  the 
fame  time;  running  is  moving  forwards  by  jumps. 
Indeed  in  running  v/c  do  not  take  our  jumps  with 
both  legs  clofe  together,  but  with  one  of  them  be- 
fore the  other  ;  but  J  call  It  jumping,  becaufe  in 
throwing  ourfclvcs  forwards  both  legs  arc  off  the 
ground  at  once. 

In  carrying  a  load  a  man  always  leans  fo  asto 
brinjg  the  center  of  gravity  between  his  feet,  and 
therefore  Jeans  the  contrary  way  to  the  load.  He 
naturally  leans  forward  when  he  has  a  burthen  on 
his  back,  for  if  he  attempted  to  retain  his  ufual 
rc^^litudc  of  figure,  h:s  center  of  gravity  would  be 
alten"d,  and  he  mutt  confequently  fall  backward; 
for  the  fame  rcafons,  when  the  burthen  is  on  his 
brcaft,  he  countci  ballances  the  weight  by  altering 
his  figure  in  the  oppofitc  pofitior]'.  In  almoft  every 
inlTancc  of  our  motions  we  are  obliged  to  makeufe 
cS  thcfc  baliancing  arts  to  keep  ourfclves  upright; 
and  it  is  ufually  the  ftudy  of  a  fine  painter,  to  know 
how  far  the  human  figure  may  be  bent  without 
loh-v:  it's  ceater  of  gravity.  De  Vinci,  one  of  the 
firlt  j.:aintcrs  after  the  revival  of  the  art,  has  laid 
down  rules  upon  this  fubjecfl",  which  have  beci) 
irnproved  by  fucceeding  painters. 
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LECTURE    XXIX. 

ON    THE 

MOTION  OF  PROJECTILES,  PENDULUMS, 

&c. 

Of  the  Motion  of  Projectiles.* 

IF  a  heavy  body  be  projefted  direftly  upwards  or 
downwards,  ic  will  be  moved  in  a  right  line» 
but  it's  motion  will  be  as  we  have  fhewn  you,  an 
uniformly  accelerated  or  retarded  motion,  accord-* 
sng  as  it  is  projeded  upwards  or  downwards ;  but 
if  It  be  projected  in  an  horizontal  diredtion,  or  in 
any  other  direction  that  is  oblique  to  the  horizoUj 
it  will  be  carried  in  a  curve  line. 

Galileo  firft  inveftigated  the  efFedls  of  gravity 
on  falling  bodies,  and  upon  that  foundation  de- 
monflrated  that  all  projediles  would  move  in  a 
parabola  in  a  non-refijling  medium  ;  and  not  taking 
the  rcfiftance  of   the  air  into  the  account,  bc 

g roved  that  a  ball  (hot  horizontally  would,  in  it's 
ight,  dcfcribe  half  a  parabola ;  and  when  the 
piece  had  an  elevation  above  the  horizon,  the  ball 
would  defcribe  a  whole  parabola,  fuppofing  it  to 
fall  on  the  plane  of  the  battery ;  and  by  the  fame 
method  of  reafoning  he  Ihewed,  that  whatever  the 
ranges  of  the  projcded  body  or  the  elevations  of 
the  piece  were,  the  ball  would  dill  trace  that 
curve  line,  of  a  greater  or  leffer  amplitude,  by  the 

time 
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time  it  dcfccndcd  to  the  level  of  the  place  from 
whence  it  came. 

Galileo  confined  his  projedlions  to  the  hori- 
zontal plane  of  the  battery;  but  Torice/li,  his  difci- 
pie,  foon  after  carried  the  theory  farther,  by  tracing 
the  fhot  to  it's  falf,  whether  that  place  was  above 
or  below  the  plane ;  and  ftill  found  by  geometrical 
dedudions^  that  it  flew  in  a  parabola  of  a  lamer  or 
fmaller  amplitude,  according  to  the  angle  of  ele- 
vation of  the  piece,  and  the  ftrcngth  of  the 
powdtrr. 

Galileo  fufpeded,  that  the  refiftance  of  the 
air  would  divert  the  projcdlile  from  it*s  track,  and 
propofed  forne  means  for  afcertaining  the  inequa- 
lities arifing  from  tlicnce;  yet  thofe  who  came 
after  him,  Newton  and  Huygens  excepted,  ail  af- 
ferted,  that  the  reliftance  of  the  air  was  fo  fmall, 
that  bodies  moving  through  it  would  not  fenfibly 
deviate  from  the  path  they  would  defcribe  in  vacuct 
the  velocity  and  direction  of  projedlion  being  the 
fame. 

Dr.  Halley  and  other  eminent  mathemati* 
cians  acquicfced  in  the  juftnefs  and  fufficiencyof 
the  principles  of  gunnery  invented  by  Galileo,  and 
enlarged  by  Toricelli;  nay,  fo  far  were  thefetheo- 
rifts  from  fufpcfting  any  defedt  or  fallacy  in  thcfc 
principles,  that  they  fecmcd  rather  to  reproach  the 
pradlical  artillcrifts,  for  not  profiting  more  by  the 
mftrudions  they  had  fo  liberally  imparted  to 
them. 

Yet  that  either  the  theory  of  projeftiles  was 
defccflive,  or  the  refiftance  of  the  air  fuch  as  ren- 
dered it  inapplicable  to  prac'Hce,  was  eWdent  from 
numerous  experiments.  It  has  been  found  by  ex- 
periment, that  a  mufquet  ball,  i  of  An  inch  in  diar 
meter,  fired  with  half  it's  weight  of  powder  from 
a  piece  forty-five  inches  long,  moves  with  a  velo- 
city of  near  1700  feet  inafecond;  now  if,  accord- 
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;  to  theory,  this  ball  flew  in  the  curve  of  a  para- 
>la,  it's  horizontal  range  at  45<»  uould  be  found 
be  about  17  miles;  but  all  pradical  writers  af- 
fure  UB,  this  range  is  really  Ihort  of  half  a  mile« 
One  more  inftance:  an  iron  bullet  of  24  pounds 
_u  eight,  fired  from  a  piece  of  the  common  dimcn- 
jns,  with  it's  greateft  allotment  of  powder,  hath 
velocity  of  1650  feet  in  a  fecond ;  now  the  horU 
zontal  range  of  this  Ihot  at  45**,  computed  accord- 
ing to  the  parabolic  hypothcfis,  will  come  out  to 
>c  about  fifteen  miles,  which  is  five  or  fix  times 
t's  real  quantity;  for  pras5lical   writers  all  agree 
making  it  lefs  than  three  miles. 
Ic  is  not  only   when  projetftiles  move  with 
ihefe  very  great  velocities,  that  their  flight  fcnfibly 
^■raries  from  the  curve  of  a  parabola ;  the  fame 
^Hberration  often  takes  place  in  thofe  that  move 
^H^.     In  fhort^  fays  A/,  de  Rejfons^  a  French  of- 
^Hlk  of  artillery,  dininguiflicd  by  the  number  of 
Pmijes  at  which  he  had  ferved,  by  his  high  military 
rank,  and  by  his  abilities  in  his  profelTion,  *'  Al- 
though it  be  agreed  that  theorj^  joined  to  practice 
docs  tonflitute  the  perfctlion  of  every  art,  expc^ 
rience  had  taught  him  that  theory  was  of  very  lit* 
le  fervice  in  the  ufc  of  mortars  ;  that  pradice  had 
[lonvinced  him  that  there  was  no  theory  in  the 
feds  of  gunpowder,  for  that  having  endeavoured^ 
if  0:  care  he  Mas  mafter  of,  to  point  a 

„.        I  lie  to  theory,  yet  he  had  never  been 
Ic  to  cllabhrti  any  folid  foundation  thereon/' 
Sir  Ifaac  Newton,  in  hisPrincipia,  has  indeed 
icularly  conlidercd  the  refillancc  of  the  air  to 
FOJcdLtlcs  moving  with  fmall  velocities;  but  as  he 
Had   no   opportunity  of   i     '       '  experiments  on 
Itofc  which  move  with  \        ^j^*u&  fwiftnefs,  he 
lid  not  imagine  that  a  diiyerence  in  velocity  would 
rr    '      '    !i  a  rcfiftanre  as  it  is  now  known  to  do. 
>und,  tlut  in  fmall  velocities  the  rclirt- 

ancc 
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when  the  bullets  are  projedlcd  withvcty  fmall  velo- 
cities; and  confequently  that  all  application  of  the 
properties  of  that  conic  fedlion  to  gunnery,  were  fo 
erroneous^  as  to  be  totally  ufelefs;  thus  giving  ox  /»• 
firuSIive  injiance  of  the  fallacy  of  the  moft  fpecious 
ibeories,  that  do  not  proceed  liuuid  in  hand  widi 
experiment. 

Since  Mr.  Robins's  time,  many  important 
and  accurate  experiments  have  been  made  on  this 
fubjedl  by  Dr.  Hutton,  Mr.  Thompfon,  and  Lovel 
£dgworth»  £fq.  but.  I  fhould  exceed  the  bounds  of 
thefc  Ledlures,  were  I  to  enter  more  minutely  into 
their  experiments,  and  muft  therefore  refer  you  to 
thofe  authors  who  have  treated  particularly  on 
thefe  fubiedts.  After  what  you  have  heard  of  the 
imperfeftion  of  this  part  of  fcience,  it  would 
be  pedantry  to  dwell  on  the  mathematical  theory 
of  projedliles,  and  thus  endeavour  to  make  you 
appear  wife  in  your  own  eyes,  or  that  of  others,  by 
a  parade  of  demonftration,  and  an  ufelefs  difylxf 
of  diagrams. 

I  fhall  therefore  content  myfelf  with  laying 
before  you  one  or  two  of  the  principal  propo- 
fitions  that  arc  furniflied  by  theory. 

I .  If  the  force  of  gravity  were  conftant^  and 
a^ed  in  parallel  linei^  aud  tjii-re  were  no  resist- 
ance FROM  the  air,  bodies proje^ed  near  the  earth" i 
furface  would  defcribe  a  parabola. 

But  the  refiftance  of  the  air  is  fo  great,  that 
it  will  caufe  the  body  projected  to  defcribe  a  path 
altogether  different  from  a  parabola;  fo  that  no 
practical  conclulions  can  be  drawn  from  this  theory. 
This  you  may  eafily  imagine,  when  you  confider 
that  the  reiiilance  of  the  air  to  a  cannon-ball  of 
twenty-four  pounds  weight,  moving  with  it*s  ini- 
tial velocity  from  a  full  charge  of  powder,  is  be- 
tween five  and  fix  hundred  pounds;  which  refiftance 
is  above  twenty  times  the  ball's  weight. 
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2.  If  the  velocity  ofprojeSiion  ie given,  the  hori^ 
zontal  range  is  the  great  eft  when  the  angle  of  elevation 

This  pofition  alfo  is  only  true  on  a  fuppor 
(ition  that  the  refiftance  of  the  air  had  no  efFeft; 
whereas  it  fo  influences  military  projedliles,  that 
the  greateft  range  is  at  an  angle  much  lefs  than  45^. 

In  the  art  of  gupnery^  aberrations  will  take 
place  from  a  variety  of  caufes  which  can  by  no 
means  be  forefeen  or  prevented.  A  difference  in 
the  denfity  of  the  atmofphere,  in  the  dampnefs  of 
the  powder,  or  in  the  figure  of  the  (hot,  will  occa- 
fion  variations  in  the  range  of  a  bullet  that  cannot 
be  reduced  to  any  rules,  and  render  the  event  of 
each  (hot  very  precarious.  The  refiftance  of  the 
atmoTphere,  fimply  confidered,  is  a  problem  that, 
notwithftanding  the  labour  of  Mn  Robins,  &c.  has 
not  been  completely  folved. 

It  is  an  objedlion  that  has  been  made  to  the 
mathematical  philofophy,  and  to  which  in  many 
cafes  it  is  moft  certainly  liable,  that  it  confiders  the 
RESISTANCE  of  matter,  more  than  it*s  capacity  of 
giving  motion  to  other  matter.  Hence,  if  in  any  cafe 
matter  a<3s  both  as  a  rcfifting  and  a  moving  power, 
and  the  mathematician  overlooks  it's  effort  tow 
wards  motion,  founding  his  dcmonftration  only 
upon  it's  property  of  refifting,  thefe  dcmonftrations 
will  be  certainly  falfe,  though  they  (hould  be  fup- 
ported  by  all  the  powers  of  geometry. 

Further  Observations  on  Projectiles. 

The  air  prefles  as  much  upon  the  back-part  df 
the  ball,  as  it  refifts  on  the  fore-part;  and,  of  con- 
fcqucnce,  a  ball  moving  through  the  air  with  any 
degree  of  velocity,  ought  to  be  as  much  acce- 
lerated by  the  aftion  of  the  air  behind,  as  it  h 
retarded  by  the  adtion  of  that  before.     Here,  then, 

it 
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it  is  natural  to  afk^  If  the  air  accelerates  a  moving 
body  as  much  as  it  retards  it^  how  comes  it  t« 
make  any  refiftance  at  all  ?  yet  certain  it  is  that 
this  fluid  doth  rcfift^  and  that  very  coniiderably. 
To  this  it  may  be  anfwered^  that  the  air  is  always 
kept  in  fume  certain  (late  or  conftitution  b/  atnother 
power  which  rules  all  it's  motions^  and  it  is  thit 
power,  undoubtedly,  which  gives  the  refiftance^ 
It  is  not  to  our  purpofe,  at  prefent^  to  inquire  wtet 
that  power  is ;  but  we  fee  that  the  air  is  often  in 
"very  different  Hates:  one  day,  for  inflance,  it't 
parts  are  violently  agitated  by  a  fterm,  and  another, 
perhaps,  they  arc  comparatively  at  reft  in  a  calm. 
In  the  firft  cafe,  nobody  hcfitates  to  own,  that  the 
ftorm  is  occafioncd  by  fome  caufe  or  other  which 
violently  refills  any  other  power  that  would  pre- 
vent the  agitation  of  the  air.  In  a  calm  the  cafe  is 
the  fame ;  for  it  would  require  the  fame  exertioB 
of  power  to  excite  a  tempcft  in  a  calm  day,  as  to 
allay  a  tempeft  in  a  ftormy  one.  Now  it  is  evi- 
dent, that  all  projedilcs,  by  their  motion,  agitate 
the  atmofphere  in  an  unnatural  manner;  and  con- 
fequently  are  refiftcd  by  that  power,  whatever  it  is, 
w  hich  tends  to  reftore  the  equilibrium,  or  bring 
back  the  atmofphere  to  it's  former  ftatc. 

If  no  other  body  bcfides  that  above-mentioned 
fitfts  upon  projcdliles,  it  is  probable,  that  all  re- 
fiftance to  their  motion  would  be  in  the  duplicate 
proportion  of  their  velocities ;  and  accordingly, 
as  long  as  the  velocity  is  fmall,  \vc  find  it  gene- 
rally is  fo;  but  when  the  velocity  comes  to  be 
exceedingly  great,  other  fourccs  of  rcfifiance  arife. 
One  of  thefe  is  a  fubtraflion  of  part  of  the  moving' 
power ;  which,  though  not  properly  a  refiftance,.(>r 
oppofing  another  power  to  it,  is  an  equivalent 
thereto.  This  fubtracflion  arifes  from  the  following 
caufe.  The  air,  as  wc  have  already  obfcrvec[ 
preffesupon  the  hiqder  part  of  the  moving  body  by 

I  it's 
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ifs  gravity,  as  much  as  it  refifts  thp  fore-part  of  it 
by  the  fame  property:  nevcrthtlcfs,  the  velocity 
with  which  the  air  prefTcs  upon  any  bodv  by  means 
of  it's  gravity  is  limited;  and  it  is  poffible  that  a 
body  may  change  it's  place  with  fo  great  velocity, 
that  the  air  hath  not  time  to  rufn  in  upon  the 
back-part  of  it,  in  order  to  aflill  it's  progrtdive 
motion.  When  this  happens  to  be  the  cafe,  there 
is,  in  the  firft  place,  a  deficiency  of  the  moving 
power  equivalent  to  fifteen  pounds  on  every  fquare 
inch  of  furface;  at  the  fame  time  that  there  is  a 
pofitive  refinance  of  as  much  more  on  the  fore- 
part, owing  to  thcgravity  of  the  atmofphere,  which 
muft  be  overcome  before  the  body  can  move  for- 
ward. 

This  deficiency  of  moving  power,  and  increafe 
of  refinance,  do  not  only  take  place  when  the  body 
moves  with  a  very  great  degree  of  velocity,  but  in 
all  motions  whatever.  It  is  not  in  thcfe  cafes  per- 
ceptible, becaufe  the  velocity  with  which  the  body 
niovcs,  frequently  bears  but  a  very  fmall  propor- 
tion to  the  velocity  with  which  the  air  prcflcs  in 
behind  it.  Thus,  fuppofing  the  velocity  with 
which  the  air  rulhes  into  a  vacuum  to  be  1200  feet 
in  a  fecond,  if  a  body  moves  with  a  velocity  of  30, 
40,  or  50  feet  in  a  fecond,  the  force  with  which 
the  air  preffes  on  the  back-part  is  but  ^'y  at  the 
uimoft  lefs  than  that  which  refift:s  on  the  fore-part 
of  it,  which  will  not  be  perceptible;  but  if,  as  in 
the  cafe  of  bullets,  the  velocity  of  the  projcclile 
comes  to  have  a  confidcrable  proportion  to  the 
velocity  wherewith  the  air  ruflics  in  behind  it,  then 
a  very  perceptible,  and  othcrwife  unaccountable 
rcfiftajice  is  obfervcd,  as  we  have  feen  in  the  ex- 
periments already  related  by  Mr.  Robins.  Thus, 
if  the  air  preflTes  in  with  a  velocity  of  1200  feet  in 
a  fecond,  if-the  body  changes  it's  place  with  a  ve- 
locity of  600  feet  in  the  fame  time,  there  is  a  rclilt- 
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Ancc  of  1 5  pounds  on  the  fore-part,  and  a  prefirurc  of 
only  7t  on  the  back-part.     The  refiftancc,  there- 
fore, not  only  overcomes  the  moving  power  of  the 
air  by  7^  pounds,  but  there  is  a  deficiency  of  othei 
74  pounds,  owing  to  the  want  of  half  the  prefli  ^ 
of  the  atmofphcre  on  the  back-part,  and  thu5  rl 
whole  lofs  of  the  moving  power  is  equivalent  to 
pounds;  and  hence  the  exceeding  great  increa 
of  reliftance   obferved  by  Mr-    Robins,    beyoil 
what  it   ought  to  be,  according  to  the  commc 
computations*     The  velocity  with  which  the 
j^ufhes  into  a  vacuum  is  therefore  a  dcfideratum  i 
gunnery.     Mn  Robins  fuppofcs  that  it  is  the  fai 
with  the  vcbcity  of  found;  and  that  when  a  buU^ 
moves  with  a  velocity  greater  than  that  of  nc 
feet  in  a  fecond,  it  leaves  a  perfcft  vacuum  behir 
it.     Hence  he  accounts  for  the  great  increafe  of 
refiftance  to  bullets  coming  with  fuch  velocities; 
but  as  he  doth  not  take  notice  of  the  lofs  of  the  air's 
moving  power,  the  anomalies  of  all  lelfer  velocitict 
arc  inexplicable  on  his  principles,     Nay^  he  cvcfl 
tells  us,  that  Sir  Ifaac  Newton's  rule  for  computifl 
dillanccs  may  be  applied  in  all  velocities  Icfs  tha 
I J 00  or  1 200  feet  in  a  fecond,  though  this  is  cX 
prefsly  contradicted  by  his  oun  experiments. 

Though,  for  thefe  rcafon?*,  it  is  evident  how 
great  difliLultics  mufl  occur  in  attempting  to  caly 
culace  the  refiftance  of  the  air  to  military  pr 
jeCtilcs,  we  have  not  even  yet  difcovered  all  th 
fources  of  refiftance  to  thefe  bodies,  when  movin 
vith  immenfc  velocities.  Another  power  by  whic 
they  arc  oppofed  (and  which  at  laft  becomes  grcate 
than  any  of  thofe  hitherto  mentioned),  is  the  air's 
cUfticity,  This,  however^  will  not  begin  to  fhcw 
kfclf  in  the  way  of  refiftance,  till  the  velocity  of 
the  moving  body  becomes  confiderably  greater 
than  that  by  which  the  air  preffcs  into  a  vacuum. 
Haviog^  therefore^  firft  afcertaincd  this  vcio   * 
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re  fhall  Tuppofe  to  be  laoo  feet  in  a  fe- 
it  is  plain,  that  if  a  body  moves  with  a  vclo- 
'j8oo  feet  in  a  fecond,  it  mult  compreft  tHe 
fore  hi  becaufe  the  fluid  hath  neither  time 
land  itfclf,  in  order  to  till  the  vacuum  left 
1  the  moving  body,  nor  to  ritlh  in  by  it's 
r,  Thh  comprcffion  it  will  refift  by  it*& 
power^  which  thus  becomes  a  n«w  fource  of 
ICC,  increafing,  without  Any  limit,  in  pfo- 
h  CO  the  velocity  of  the  moving  body.  If  now 
bpofc  the  moving  body  to  fet  dut  with  a 
y  of  «40O  feet  in  a  fecand,  it  is  plain  that 
is  not  only  a  vacuum  left  behind  the  body, 
ic  air  before  it  is  compreired  into  half  it'»' 
1  fpace^  The  lofs  of  motion  in  the  pro- 
,  therefore,  is  now  very  confidcrable.  It 
fct  fifteen  pounds  on  every  fquare  iitch  of 
J  cm  account  of  the  deficiency  of  the  moving 
of  the  air  behind  it;  then  it  lofcs  fifteen 
t  more,  on  account  of  the  reliftance  of  the 
fore  it;  again  it  lofe^  fifteen  pounds,  on  ac- 
of  the  clafticity  of  the  cotnprcflcd  air;  and, 
another  fifteen  pounds  on  account  of  the 
m  behind,  which  takes  off  the  weight  of  the 
hefc,  that  would  have  htcn  equivalent  to 
klf  of  the  elaflicity  of  the  air  before  it.  The 
refinance,  therefore,  upon  every  fquare  inch 
face  moving  with  this  velocity  is  fixty 
Sj  befidcs  that  which  arifes  from  the  power 
ig  lo  prcfervc  the  general  flatc  of  the  at- 
icfe,  and  which  inctcafes  in  the  duplicate 
tiofi  of  the  velocity,  as  already  mentioned, 
body  is  fuppofed  to  move  with  a  velocity  of 
Icct  in  a  fecond,  the  rcfiftance  from  the  air's 
ity  will  then  be  quadrupled,or amount  tofixty 
5  on  the  fquare  inch  of  furface;  w*hich,  added 
caufei,  prodticcs  a  refiftancc  of  105 
O  2  pounds 
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pounds  upon  the  fquare  inch ;  and  thus  would  the 
rcfiftance  from  th6  clafticity  of  the  air  go  on  con- 
tinually incrcafing,  till  at  laft  the  motion  of  the 
projedtile  would  be  as  cfFeclually  Hopped  as  if  it 
was  fired  againft  a  wall.  This  obftacle,  therefore, 
wc  arc  to  confidcr  as  really  infuperablc  by  any  art 
whatever,  and  therefore  it  is  not  advifeable  to  ufe 
larger  charges  of  powder  than  what  will  projeA 
the  (hot  with  a  velocity  of  1200  feet  in  a  fecond. 
In  this  velocity  the  clafticity  of  the  air  will  not 
make  great  rcfiftance,  if  indeed  it  do  make  any 
at  all;  for  though  Mr.  Robins  hath  conjedurcct 
that  air  ruflies  into  a  vacuum  with  the  velocity  of 
found,  or  between  i  roo  and  1200  feet  in  a  fecond, 
yet  we  have  no  decifive  proof  of  the  truth  of  this 
iuppofition.  At  this  velocity  indeed,  according  to  j 
Mr.  Robins,  a  very  fudden  increafe  of  rcfiftance 
takes  place;  but  this  is  denied  by  Mr.  Glenie, 
who  fuppofes  that  the  rcfiftance  proceeds  gra- 
dually: and  indeed  it  fcems  to  be  pretty  obvious, 
that  the  rcfiftance  cannot  very  fuddenly  increafe, 
if  the  velocity  is  only  increafed  in  a  fmall  degree. 
Yet  it  is  certain,  that  the  fwifteft  motions  with 
which  cannon-balls  can  be  projecfted  are  very  foon 
reduced  to  this  ftandard;  for  Mr.  Robins  ac- 
quaints us,  that  **  a  twenty-four  pound  fliot,  when 
difcharged  with  a  velocity  of  2000  feet  in  a  fecond, 
will  be:  reduced  to  that  of  1200  feet  in  a  fecond, 
in  a  flight  of  little  more  than  500  yards." 

Concerning  Pendulums. 

Kpaidiilum  is  a  heavy  body  hanging  to  a  fmalL 
cord  or  wire,  which  is  moveable  upon  a  center.  Id 
is  that  well  known  inftrument  fo  ufeful  in  mea — 
furing  time,   and  afcertaining  with  accuracy  it*^ 
nicer  divilions.  ._ 

A  body  thus  fufpended  being  put  in  motiorm  , 

dcfcrib^s 
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dcfcribes  an  arch;  in  one  half  of  which  it  defcends, 
and  afcends  in  the  other. 

For  inftance,  here  is  a  penduUim/  that  is,  a 
heavy  body,  P,fig.  n,  pi.  2,  hanging  by  a  fmall 
thresid,  and  moveable  therewith  about  this  point, 

B,  to  which  the  thread  is  fixed.     If  when  the 
thread  is  ftretched  .the  weight  be  raifed  as  high  as 

C,  and  thence  let  fall,  it  will  by  it's  own  gravity 
defcend  through  the  arch  C  P  as  low  as  pofTible. 

If  it  were  entirely  free,  and  not  retained  by 
the  thread,  it  would  fall  in  a  vertical  line,  P  L, 
from  the  point  where  I  held  it ;  but  being  retained 
by  the  firing,  it  can  only  partially  obey  the  action 
of  gravity,  and  is  conftrained  to  defcribe  an  arc, 
CP. 

The  body  in  falling  from  C  to  P  through  the 
arc  C  P,  acquires  as  much  velocity  (motion)  as  it 
would  have  acquired  in  falling  perpendicularly 
from  E  to  P,  confequcntly  enough  to  carry  P  to 
the  fame  height,  through  the  fame  curve,  in  equal 
lime,  fuppofing  the  direc"tion  to  be  changed  with- 
out affecting  the  velocity. 

The  thread  is  the  caufe  which  changes  the 
diredtion  impreffed  on  the  body  without  alfefting 
the  velocity  ;  not  confidcring,  for  the  prcfent,  the 
tSdSt  of  fridlion  at  the  point  of  fufpenfion. 

The  body,  when  arrived  at  P,  the  lowed  point 
of  the  curve,  cannot  defcend  to  the  earth,  becaufc 
it  is  withheld  by  the  firing,  but  it  retains  ail  the 
velocity  it  has  acquired  in  falling  from  C  to  P;  fo 
that  if  at  this  inftant  gravity  ceafed  to  acl  on  this 
body,  and  that  it  was  no  longer  withheld  by  the 
firing,  it  would  go  on,  by  the  firft  law  of  motion, 
in  a  line  P  D  tangent  to  the  circle  C  P,  in  which 
the  body  moves :  but  the  thread  oppofmg  an  in- 
vincible obftacle  to  it's  gravity,  and  the  force 
^hich  it  has  acquired,  to  go  on  in  the  tangent 
O  3  V  D, 
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P  D,  it  only  endeavours  to  fly  off  in  this  tangeoi^ 
the  thread  drawing  it  back,  and  the  i(iipreffed  torce 
puftiing  it  on,  it  attempts  to  move  in  the  (lifedtioii: 
of  another  tangent,  which  it  is  again  withheld  ftoo^ 
purfiiing  by  the  thread;  Vid  by  thqs  caufing  if 
continually  to  change  it's  diredlipi^^  it  defc{ibc|' 
the  arc  P  R,  equal  to  C  P. 

When  the  body  has  arrived  at  R«  all  the  forcf 
it  had  acquired  is  expended,  and  it  falls  again  fajjjf 
it's  gravity  from  R  to  P;  from  whence  it  again 
afcends  to  P^  and  then  defcends  again.  And  thuf 
it  will  continue  it's  motion  backwards  and  for-t 
wards  along  the  curve^j  which  motion  i$  called  aq 
qfcitlatory  or  vibratory  motion;  and  each  fwjqg 
from  C  to  R,  a^  alfo  from  R  to  C,  is  called  a  vU 
bration^  or  ofcVJatiim. 

The  body  being  ^-ctained  by  the  thread  iii  the 
circumference  of  the  circle  C  P  M,  of  which  the  1 
thread  is  the  radius,  the  arc  C  P  R,  thai  it  de- 
scribes, will  be  the  arc  of  a  circle. 

You  fee  clearly,  that  the  thread  by  which  the 
body  is  fufpended  is  an  obftacic  th^t  oppofcs  ii» 
part  it's  defccnt  towards  the  ea^thj^  and  changes 
the  direftion  in  which  it  moves;  biit,  at  the  fame 
time,  you  f?e,  that  it  is  gravity  which  is  the  caufe 
pf  it's  motion  or  vibrations. 

An  horizontal  line,  perpendicular  to  the  plane 
of  the  ofcillations,  and  pafling  through  the  point 
B,  about  which  the  pendulum  ofcillates,  is  called 
the  axis  of  ofcillation ;  the  point  B,  to  which  the 
thread  is  fixed,  is  called  the  point  offii/pefi/iott. 

In  conlidering  pendulums,  it  is  cuftopiary  tQ 
fuppofe  the  weight  of  the  body  to  bp  concentratc4 
in  one  point. 

Pendulums  may  be  fimple  or  comfiotind. 

Simple  pendulums  arc  thofe  to  which  only  one 
Avcight  is  fufpended:  componnd  pendulums  aye  thofe 

tQ 
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rhtch  fcvcral  weights  arc  fixed;  thefe  arc 
at  diftcrciit  diftances  from  the  point  of 
>n. 

the  pendulum  fuflfcrcd  no  retardation  in  it*« 
Sou  from  the  refinance  of  the  air,  nor  from  the 
jlion  of  the   thread  againft:   the   center  about 
:h  it  moves,  the  iirclk's  dcfcribcd  in  each  vibra- 
would  be  fxa£fly  equals  and  the  motion  of  Ibe 
'   \i  continue  for  ever. 
•c  motion  of  the  pendulum  is  conti- 
ly  retarded   by  thefe  caufes,   the  arches  de* 
in  each  vibration  mud  grow  lefs  and  Icf* 
ially,  and  at  laft  vaniQi  together  with  the 
Jon  of  the  pendulum. 

Thr  vibrations  of  one  and  the  fame  pendu- 

vibrating  in  unequal  circular  arches,  are  per- 

icd   very  nearly  in  equa)  times,  provided  the 

arc  but  fmali. 

Thus  in  the  pendulum  AB,  fig.  lo,  pi.  2,  the 

ion  through  the  arch  CAD,  is  performed 

nearly  in  the  fame  time  wherein  the  pendulum 

lies  through  the  arch   E  A  F,  on  the  fuppo- 

that  the  archct  C  A  and  E  A  are  very  fmalK 

Now  as  the  arches  are  very  fmall,  they  will 

[>t  diflfer  much,  cither  in  length  or  declivity,  from 

r.ctivc  chords;  confc^  jcntly  the  times  of 

...,.g  the  arches^  by  a  hcuvy  body  running 

^  them,  will  be  nearly  equal  to  the  times  of 

bribing  the  chords:  but  I  have  already  Ihewn 

that  the  times  of  defcribing  the  chords  arc 

llj    wherefore    the    times   of  defcribing   the 

C  A,  K  A,  muft  be  nearly  equal;  and  fo 

nfe  muft  be  the  double  of  thofe  timcs^  or  the 

ic?  wherein  the  pendulum  vibrates  through  the 

ual  arches  CAD  and  E]A  F. 

To  render  this  clearer,  let  us  recur  to  a  dia- 

to  flicw  that   the  velocities  of  the  bodies 

|ch  ofcUlaie  in  diiferent  arcs,  C  B^  D  B,  jig.  12, 

O  4  //.  2, 
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fl.  2,  are,  when  they  arc  arrived  at  the  point  B,  a$ 
the  chords  of  the  arc  they  have  dcfcribed.     Diav 
the  horizontal  lines  C  F,  t)  E.     Now  I  havefhewn^ 
you,  that  the  velocity  bodies  acquired  in  falling: 
through  the  arcs  C  B,  D  B,  are  the  fame  as  thcf"^ 
would  have  acquired   in  falling   perpendicularly 
from  V  to  B,  and  from  E  to  B.    Now  the  veloci^ 
acquired  in  falling  from  F  to  B,  is  to  the  velocity" 
acquired  in  falling  from  G  to  B,  in  a  fubduplicate 
ratio  of  FB  to  GB,  or  as  the  line  CB  taGB, 
In  the  fame  manner,  the  velocity  acquired  by  a 
body  in  falling  from  E  to  B,  is  to  that  it  would 
Jjave. acquired  in  falling  from  G  to  B,  in  a  fubdu- 
plicate ratio  of  E  B  to  G  B,  or  as  DB  to  G  B ;  anc^ 
confequently,  the  velocity  acquired  in  falling  from 
F  to  B,  is  to  that  acquired  in  falling  from  E  toB, 
as  the  chord  C  B  is  to  the  chord  D  B;  that  is,  the 
veloi  ities  acquired  in  falling  through  the  arcs,  arc 
as  their  rcfpccHve  chords. 

From  hence  it  is  clear,  that  if  in  the  circle  | 
G  B  yo'i  take  the  .im  s  ?}i,  B  2,  B3,  of  which  the  | 
chords  arc  rcfpcou.cly    u-^   i,   2,  ;i,    &cc.    the  ve-  \ 
locitivs   of  ?,    pciiiluiuni    dcfccnding    fuccelTivcly 
throng!)  rlic  arcs  B  i,  B  2,  B  3,  6:c.  will  beas  ij 
2,  3,  !i:c.  thrit  is,  as  the  rcfpcc'iivc  chords. 

This  yoa  w\?.\  confirm  I^y  experiment.  Here 
arc  V\o  pciicluhims  of  an  equal  Icnoch ;  I  will  let 
thcni  go  at  th'j  fame  inftanr  o{  time,  but  in  fuch 
manner  tnac  tlicy  may  vibrate  thiough  fmall  but 
ui)*.--ui  i  arches.  They  will  for  a  long  time  keep 
pac;-  roi^echer,  :ind  continue  to  begin  and  end  their 
fwings,  witr.c.t  .my  fenfiblc  difference  as  to  point 
of  rime,  4;^L?ri,ij^-  a  ^^rcat  number  of  vibrations. 

li:  is  the  ch.u'aeLerifl:ic  of  real  genius  to  diftin- 
guidi  facts  one  li^m  another,  and  to  draw  im- 
portant coricviiionLts  from  what  would  be  of  no 
value  to  otlicrs.  Thus  Galileo,  conlidering  the 
pfcillations  of  a  lamp  fufpended  from  a  roof;  a 

2  circumftancc 
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circumftance  that  had  often  been  attended  to  be- 
fore, but  to  little  purpofe.  It  had  fpoke  an  un^ 
known  language  to  all  who  had  hitherto  obferved 
it,  but  not  fo  to  Galileo ;  he  perceived  that  it's 
vibrations  were  apparently  equal,  though  their 
extent  continually  diminiihed,  till  the  motion  of 
the  lamp  entirely  ceafed  :  this  phenomena,  which 
is  called  the  ifocbronifm  of  pendulums^  appeared  to 
him  important  and  ufeful.  He  perceived  alfo, 
that,  every  thing  elfe  remaining  the  fame,  the  vi- 
brations were  flower,  in  proportion  as  the  lamp 
was  further  from  the  point  of  fufpenfion ;  and  faw 
that,  by  thefe  obfervations,  he  was  furniflicd  with 
an  inftrument  proper  to  meafure  what  we  call  timci 
an  inftrument  which  always  gave  equal  intervals : 
and  that  he  could  incrcafe  or  diminifh  thefe  inter- 
vals at  pleafure,  by  making  the  pendulum  longer 
or  Ihorter;  and  thus  obtain  an  accurate  cbrono^ 
meter,  or  inftrument  for  mcafuring  time. 

You  have  feen  it  proved,  by  the  experiments 
with  Mr.  Atwood's  machine,  that  a  falling  body 
defcribes  fpaces  which  are  as  the  fquares  of  the 
times  employed  in  falling,  or  the  velocity  acquired 
at  the  end  of  each  of  thefe  times. 

Now  in  the  vibrations  of  a  pendulum,  the 
ipaces  defcribed  are  arches  of  a  circle,  whole  ra- 
dius is  the  length  of  the  pendulum.  Let  there  be 
two  pendulums,  A  B,  CD,  fig.  13,  pi.  2,  vibrating 
in  fimilar  arches,  E  B  F,  G  D  H.  The  time  of 
a  vibration  of  the  pendulum  A  B,  will  be  to  the 
time  of  a  vibration  of  the  pendulum  C  D,  in  a 
fubduplicate  ratio  of  the  length  A  B  to  the 
length  C  D.  Now  as  the  arches  are  to  each 
other  as  the  radii ;  and,  from  the  foregoing 
principle,  the  time  of  a  vibration  in  the  arch 
E  B,  is  to  the  time  of  a  vibration  in  the  arch 
pp,  in  a  fubduplicate  ratio  of  £B  to  GD,  it 

follows^ 
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foilowsj  that  thcfc,  or,  in  other  words,  the  times  of 
tke  vibrations  of  pendnlums  tbiit  dejcrihe  Jimilof 
fires  of  circles^  or  7chirb  h^ve  equal  angles  ofvtbra^ 
iioH,areas  the  fquare  roots  of  the  leitgibs  of  ibepen^ 
dulums  i  {o  that  if  one  penduhirti  be  four  times  a$ 
long  as  another,  the  (horter  will  vibrate  in  half  the 
time,  io  as  to  perform  two  vibrations  in  tlie  fame 
time  that  the  longer  performs  one.  Again,'  if  on« 
pciidalum  be  nine  feet  long,  and  another  four,  the 
fquare  roots  of  which  lengths  are  t)|ree  and  two^  the 
ihort  one  tvill  make  three  vibrations  while  the 
other  is  making  two. 

A  difproportion  in  the  length  of  two  pendu-r 
lums,  occafibns  a  great  difference,  you  fee,  in  the 
pmes  of  their  vibrations. 

Of  fcveral  pendulums  vibritjng  in  fifnilar  arc»| 
the  vibrations  of  the  longed  are  flower  than  thofc 
of  the  flhorter  ones;  and,  confequcntly,  if  a  peifi* 
dTiIiirn  is  required  that  fliall  vibrate  feconds,  it 
muft  have  a  determinate  length,  as  the  length  of 
t^e  pendulum  fixes  the  time  of  it's  ofcillation, 
This  length  has  been  afcertained  to  be  thirty-nine 
inches. 

From  this  principle,  you  may  find  how  long  a 
branch  is  which  hangs  down  from  the  roof  of  a 
church ;  and,  confequcntly,  by  mcafuring  from  the 
ball  of  the  branch  to  the  floor,  and  adding  this  to 
the  length  of  the  branch,  you  may  find  how  high 
the  church  is.  Let  us  fuppofe  the  branch  to  vibrate 
0nce  in  three  feconds ;  then,  fince  the  tirnes  of 
vibration  arc  as  the  fquare  root  of  a  pendulum's 
length,  it  follows,  that  the  lengths  of  pendulums 
are  as  the  fquares  of  the  times  of  vibration;  and 
that  the  length  of  the  branch  is  to  the  length  oi^ 
penduhim  which  performs  a  vibration  in  one  fe- 
cond,  as  the  fquare  of  3  to  the  fquare  of  i,  or  as  9 
to  I.    Now  the  length  of  a  pendulum  that  vibrates 

1  feconds 
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fccofid^  being  39  inches^  muluplyine  thi5  by  9, 
wc  obtain  35a  inches  8  parts,  for  the  length  of  tbe 
branch. 

Pendulums  *wbub  ars  of  the  fame  lengib  vi^att 

^b  ibr/amr  iim^,  z^batfv^r  be  the  prefmrtton  of  their 

f^hbis^  or,  it  other  words,  the  time  of  a  pcndu- 

Junrrs  vibration  is  no  way  altered  by  varying  the 

lll^tght  thereof*    l*his  follows  from  the  property  of 

PVraviryj  whirh  is  alw  t)i  proportional  to  the  quan- 

lily  of  matter;  confequentiy  all  bodies  in  the  fame 

h^i  >:ince^-  arc  moved  by  tlie  force  of  gravity 

^i:  fame  velocity*     To  confirm  this  by  ex- 

pcrirrjcju,    here  are  two  unequal   weights,  fo  fuf- 

pended  by  two  thrcids^  as  to  conftitute  two  pcn^ 

*  jluxns  equal  in  length.     Let  them  at  the  fame 

It  of  time  fall  from  equal   heights,  they  will 

pace  together  fo  as  to  perform  their  vibra- 

>ns  in  equal  times^ 

From  the  motion  of  a  pendulum,  it  is  clear 

It,  in  any  one  place,   /be  quantity  of  gravitating 

littr,  in  any  body^   is  proportional  to  it's  weighty 

for  wc  find  by  experiment,  that  pcndulunu  of 

tual  length,   whatever  quantities  of  matter  they 
ntnin,  vibrate  in  the   fame   time.     They  have 
aal    velocities  i^  the   fame  time:  the  velocity 
A  time  being  given,  {he  quantity.of  ms^tter  is  as 
the  force  of  gravity, 
^K      What   1  have  hitherto  faid   on  this  fubjedt^ 
^^tends  only  to  fimple  pendulums;  that  is,  thofc 
to  which  only  one  weight  is  fufpended,  and  where 
the  thread  by  which  it  is  fufpended  is  conlidered 
^s  w ithout  gravity  or  weight :  for  when  the  rod  by 
^phich   the  \*  eight  is  fufpended  is  of  any  confi- 
derable  weight,  the  pendulum  tr^uft  be  confidered 
as  compounded,  for  the  weight  of  the  rod  has  the 
fame  cUcct  as  a   fccond  weight   fattened  to  the 
iaine   thread.     And  I  defined  a  compound  pen- 
<juluio^  ai^  one  to  which  fcveral  weight*  were  fixed, 
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at  invariable  di (lances  one  from  the  other,  as  well 
as  from  the*  point  of  fufpenfion. 

Compouna  pendulums  follow  the  farpc  laws  as 
thofe  that  are  limple,  only  with  fomc  modifi- 
cations. 

Of  the  Center  of  Oscillation, 

To  determine  the  times  of  the  vibrations  of  a 
compound  pendulum,  we  muft  confider  a  thing  of 
which  I  have  not  yet  fpokcn  to  you ;  that  is,  the 
center  of  ofdHation. 

The  center  of  of  dilation  of  a  compound  pen- 
dulum, is  that  point  in  which  the  efforts,  or  actions, 
of  the  weights  which  compofc  it  are  united^  to 
caufe  the  pendulum  to  vibrate  in  a  certain  time; 
or,  in  more  technical  terms,  the  center  of  ofcil- 
lation  is  that  point  of  a  pendulum,  on  each  fide  of 
which  the  quantities  of  motion  are  equal,  or  ia 
which  all  the  gravity  of  the  pendulum  might  be 
collcfted,  without  altering  the  time  of  it's  vibra- 
tions. Though  the  center  of  of  dilation  be  different 
from  the  center  of  gravity  y  yet  is  it  evident,  from 
thefc  definitions,  that  they  have  a  neceffary  relation 
to  each  other. 

The  center  of  ofc illation  of  a  fimple  pen- 
dulum, whofe  thread  is  confidcrcd  without  weight, 
is  not  in  the  center  of  gravity,  but  a  little  below  it; 
but  in  the  line  of  diredion  it  is  nearer  or  further 
from  the  center  of  giavity,  according  to  a  certain 
proportion  between  the  radius  of  the  ball  forming 
the  pendulum,  and  the  length  of  the  thread  by  which 
it  is  fufpended.  Mr.  Huygens  has  fliewn  how  to 
find  the  center  of  ofcillation  from  the  proportion 
between  the  radius  of  the  weight  and  the  length  of 
the  pendulum. 

The  real  length  of  a  fimple  pendulum  is  not, 
therefore,  the  fame  as  the  length  of  the  thread 
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from  the  point  of  fufpenfion  to  the  ball  attached 
to  it,  nor  even  to  the  center  of  gravity  thereof;  but 
it's  length  is  to  be  ettimated  from  the  point  of  fuf- 
penfion to  the  center  of  ofcillation,  which  differs 
from  the  center  of  gravity,  except  when  the  length 
of  the  thread  exceeds  to  a  certain  degree  the  radius 
of  the  ball,  when  the  difference  becomes  infen- 
fible. 

When  the  line  of  the  pendulum  is  poflfeffed  of 
weight  which  becomes  fenfible  with  refpecS:  to 
that  which  is  attached  to  it,  the  center  of  ofcilla- 
tion  is  no  longer  in  the  fufpended  ball,  but  in  a 
point  fomewhat  above  it ;  and  this  point  is  further 
removed  from  the  ball  in  proportion  as  the  weight 
of  the  rod  is  heavier  when  compared  to  the  weight 
of  the  fufpended  ball. 

In  this  cafe  the  [true  length  of  the  pendulum, 
is  the  diftance  between  the  point  of  fufpenfion  and 
the  center  of  ofcillation,  and  the  vibrations  of  this 
pendulum  will  be  quicker  than  if  the  rod  were 
without  weight,  becaufe  the  pendulum  is  fliorter. 

You  have  fcen  that  the  longer  the  pendulum, 
or  the  further  the  weight  from  the  point  of  fufpen- 
fion, the  flower  are  it's  vibrations.     Thus  if  to  an 
inflexible  line  A  C,  fig.  14,  pL  2,  4  feet  long,  from 
whofe  extremity  a  weight  P  is  fufpended,  you  add 
at  Q  a  fecond  weight  B  fomewhat  higher  than  the 
other,  as  3  feet  from  the  point  of  fufpcnlion ;  now 
the  weight  P,  which  is  4  feet  from  the  point  of 
fufpenfion,   ought  to  make  it's  vibrations  flower 
j[han  the  body  B,  which  is  only  three  feet  there- 
from: but  as  they  are  both  attached  to  the  fame 
^^flexible  line,  they  are  forced  to  perform  their 
^-'brations  in  the  fame  time,  which  will  be  between 
^l^ieflownefs  with  which  it  would  have  vibrated  if 
^'^erc  had  been  only    the  weight  at  A,  and    the 
%  heater  velocity  gf  ic's  vibrations  if  there  had  been 

only 
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can  give  thus  much,  why  not  all  the  reft?  Why 
muft  it  leave  the  body  at  one  point  of  the  tangent 
line,  and  not  continue  to  at\  upon  it  in  the  fame 
line?  If  the  caufc  and  the  effedl  can  be  kept  to- 
gether ever  fo  little  beyond  the  perpendicular  line, 
the  difficulty  is  over,  and  the  body  performs  the 
^  hole  courfe  of  it's  vibrations  by  one  and  the  fame 
caufe  ;  and  the  reciprocations  we  obfervc  in  the 
moving  body,  are  occafioned  by  a  medium^  whofe 
vibrations  are  continued  with  infinite  freedom. 

This  is  furely  more  fatisfadlory  than  thatfpe- 
cies  of  reafoning  which  affigns  a  caufe  for  one  half 
of  the  motion,  and  a  law  (which  cannot  execute 
itfelf)  to  account  for  the  other  half;  and  that 
lays  there  is  a  certain  mathematical  point  at  M^hich 
they  are  miraculoufly  changed  one  for  the  other. 

If  the  difficulty  of  making  a  body  rife  by  gra- 
vity fliock  you,  word  the  matter  differently,  and 
lay  it  rifes  by  the  caufe  of  gravity. 

Motion  is  cither  a  caufe  or  an  cffeSl:  it  cannot 
be  a  caufc  for  this  reafon,  that  nothing  can  be  the 
caufc  of  itfelf;  and  if  you  allow  it  to  be  an  effeft, 
then  all  the  confcqucnccs  follow. 

Sometimes  our  corporeal  fcnfes  are  able  to 
difcover  the  relation  between  the  eifect  and  it's 
proper  caufc,  and  fometimcs  caufes  are  to  be  in- 
ferred by  rational  inJu(5tion  grounding  itfelf  on 
paft  experience. 

Thus  when  the  mercurial  fluid  rifes  an  inch 
higher  to  day  in  the  tube  of  a  barometer  than  it 
rtood  yefterday,  you  nciihcr  lee  nor  feel  the  caufe 
of  this  alteration,  but  you  uifcover  the  caufe  by 
very  fure  deduction  ;  for  we  know  that  the  Tori- 
cellian  vacuum  is  filled  by  the  column  of  mercury, 
till  the  mercury  becomes  a  counterballajice  to  the 
prefllire  of  the  external  air ;  and  that  the  air  is  the 
impelling  caufe  which  drives  the  mercury  up  into 
the  tube,  and  keeps  it  fufpended  there.     Hence 
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w^  conclude,  that  an  alteration  in  the  prc'fllire  of 
the  air  has  occafioncd  an  alteration  in  the  tube, 
and  thft  the  prefuire  of  the  atmofpherc  being 
about  -3Tyth  part  greater  to-day  than  it  was  yefter- 
day,  forces  the  mercury  fo  much  higher  till  it  is  in 
cquilibrio  therewith- 

In  the  fame  manner  mod  of  the  other  mo- 
lions  that  are  in  the  world  may  be  referred  to  their 
proper  caufes,  either  by  immediate  experiment 
or  rational  deduction. 

It  does  not  follow  that  no  material  caufe  is 
concerned  in  any  particular  efFcdl,  becaufe  we  nei- 
ther fee  nor  feel  it's  operation. 

There  are  many  obvious  cafes,  in  which  the 
caufe  of  motion  may  be  afligned  with  certainty, 
though  it  is  not  perceived  by  any  of  the  outward 
fenfes;  and  partly  for  this  reafon,  becaufe  that 
l^hich  is  manifeft  in  fome  inftances  is  occult  in 
others,  and  diflii>guifhable  only  by  rational  deduc- 
fion. 

Thus  when  a  thermometer  is  held  before  the 
fire,  we  difcover  by  it's  riling  that  the  fire  enters 
the  pores  both  of  the  glafs  and  the  inclofed  fluid, 
and  this  being  thereby  expanded  and  incrcafcd  in 
it's  dimenfions,  neceflarily  rifcs  higher  in  the  tube. 
Here  though  we  feel  the  element  of  fire  by  it's 
ifat,  ^ndijee  it  by  it's  lights  yet  it's  effects  arc  only 
to  be  difcovered  by  rational  deduction. 

Motion  is  never  to  be  confidcred#is  a  thing  by 
itfclf,  but  as  an  effcd:,  which  like  all  other  effeds 
itiuft  be  referred  to  it's  proper  caufes :  and  there  is 
pooccafion  to  underftand  motion  as  the  caufe  of 
it's  own  continuation,  when  there  is  an  adtivc  me- 
dium adequate  to  all  the  ettccls  of  gravity,  which 
nioving  with  infinite  freedom,  can  lo  far  deceive 
^8  by  the  fubtilty  of  it's  vibrations,  as  to  make  us 
believe  there  is  no  caufe  where  the  moft  powerful 
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pf  all  fecondary  caufes  is  prcfent.  If  ^notion  ba 
an  effcd,  this  reafoning  is  neceflary  syid  psh 
tural. 

Before  I  proceed  to  the  supplication  of  pendu? 
lums  to  clocks^  it  may  not  be  amifs  to  rccapi^late 
their  properties^  as  it  is  the  only  ps^rt  pf  a  cloc|e 
which  has  a  natural  tendency  to  meafure  time. 

A  pendulum  once  put  in  motion  ivpuld  con- 
tinue to  vibrate  equal  arcs^  if  no  external  caufb 
tend  to  dcftroy  it's  motion. 

All  thofe  equal  vibrations  would  be  performed 
in  equal  times. 

Pendulums  of  equal  lengths^  though  unequal 
weights,  M  ill  (cateris  paribus)  perform  their  vir 
jbrations  in  equal  times. 

A  pendulum  cannot  reft  but  when  it's  centei 
pf  gravity  is  diredlly  below  it's  point  of  fuf- 
penfion. 

The  times  wherein  pendulums  of  any  length 
perform  their  ofcillations,  arc  as  the  fquare  roots 
of  their  lengths  dircdly,  and  the  fquare  jrppt  of  the 
gravitatinp;  forces  reciprocally. 

If  an  iron  bar  be  fufpcnded  atone  end  and  put 
into  motion,  the  ofcillations  will  be  performed  in 
lefs  time  than  by  a  lingle  pendulum  of  the  fame 
length  :  for  the  upper  parts  of  the  iron  will  en- 
deavour to  ofcillate  according  to  their  refpefiivc 
dirtances  from  the  center  of  fufpenfion.  and  fo 
accelerate  the  motion. 

A  lingle  pendulum,  whofe  length  is  two  thirds 
of  the  bar's  length,  will  be  found  to  perform  it's 
ofcillations  in  equal  times  with  the  bar.  Hence  a 
point  taken  \  of  the  length  of  the  bar  from  the 
lower  end,  is  called  the  center  of  ofcillation. 

Hence  it  is  evident, 

I.  Tluit  the  bar  ofcillates  in  the  fame  manner 
as  it  would  do  if  the  gravity  of  all  it's  parts  wcxc 
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ttTa»fled  into  the  center  of  ofcillation,  and  all 
*s  other  parts  remained  without  gravity. 

2.  Therefore  ifanyobflacle  ftops  the  center^ 
ofcillation,  the  whole  motion  of  the  bar  h  dc- 
ycd  at  once,  and  confequently  the  whole  force 

of  it's  motion  is  fpent  upon,  and  received  by  the 
obftacle, 

3.  Therefore,  the  quantities  of  motion  on 
ach  fide  the  center  of  ofc illation  are  equal. 

4.  Therefore,  if  any  other  part  of  the  ba,r 
ftfikes  againll:  an  obflacle,  the  motion  will  not  be 
deftroyed  immediately,  but  the  center  of  ofcilla- 
tion  will  endeavour  to  go  on,  and  by  that  endcii- 

^vour,  either  break  or  bend  the  bar. 
^m  From  thefe  particulars  it  is  eafy  to  explain  the 
^^nter  0/  percuffion,  or  what  part  of  any  inftrument 
^■r  weapon  will  ftrikc  with  the  greatefl  force.  For 
^B  the  llrokc  be  not  given  with  that  part  which  is 
^Be  common  center  of  ofc  illation  of  the  weapon, 
^mHid  fo  much  of  the  arm  as  moves  with  it  (whether 
it  be  from  the  w  rift,  elbow,  or  llioulder,)  the  whole 
force  of  the  motion  w  ill  not  be  fpent  upon  that 
I  i^hich  receives  the  blow. 
^^  All  ofcillating  bodies,  of  what  lliapc  foever, 
^%vc  their  proper  centers  of  ofcillation  ;  which,  if 
the  rod  of  the  pendulum  be  fmall,  and  the  bob 
Urge,  will  fall  within  the  bob. 

By  the  length  of  a  pendulum,  is  always  meant 
the  diltance  between  the  center  of  fufpenfion  and 
the  center  of  ofcillation. 

If  a  pendulum  be  heated,  it  grows  longer,  and 
confequently  ofcillatcs  flower. 

Pendulums  of  the  fame  length  ofcillatc  flower 
the  nearer  they  arc  brought  to  the  equator,  and 
that  for  two  reafons  ;  hecaufc  the  fcmidia meter  o{ 
the  earth's  equator  is  about  fcventeen  miles  longer 
<han  the  femiaxis  of  the  earth  ;  and  bccaufe  of  the 
centrifugal  force  (arifing  from  the  diurnal  rotation) 
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which  at  the  equator  is  the  yfr  part  of  gravity, 
from  whence  it  decreafes  continually,  till  at  the 
poles  it  quite  vaniftics. 

Much  has  been  faid  of  the  advantages  of  niak<« 
ing  a  pendulum  vibrate  in  the  arc  of  a  cycloid^ 
in  zvhicb  it  would  dejcribe  the  greateft  and  leafi  enm 
tire  vibrations  in  the  fame  tivie  ;  but  this  property 
is  only  demonftratcd  on  a  fuppoiition  that  the  whol* 
mafs  of  the  pendulum  is  concentrated  in  a  pointi 
but  this  cannot  take  place  in  any  really  vibrating 
body.     And  when  the  pendulum  is  of  finite  mag- 
nitude, there  is  no  point  given  which  determines 
fhe  length  of  the  pendulum  ;  but  on  the  contrary, 
the  center  of  ofcillation  will  not  occupy  the  fame 
place  in  the  given  body,  when  defcribing  different 
parrs  of  the  track  it  moves  through,  but  will  con- 
tinually be  moved  in  rcfpcd  of  the  penduluvp  it- 
fclf  during  it's  vibration.     This  prevents  the  dc^ 
termination  of  the  time  ot  the  vibration  in  a  vj^ 
cloid,  except  in  the  i^bovc-mcntioned  imaginary 
pafes. 

There  arc  many  other  obrtaclcs  which  concur 
in  rendering  the  application  of  this  curve  to  the 
vibration  of  pendulums,  a  fourcc  of  errors  far 
greater  than  thofc  which  it*s  peculiar  property 
is  intended  to  obviane.  It  is  therefore  wholly  dif- 
ufed  in  pradiv  c,  and  it  would  be  only  lojing  tiipc 
\o  dwell  on  it  >  pr;  miliar  properties. 

lo  find  the  length  of  apcndulum^  that  fball  mah 
any  numbir  of  vihrulions  in  (i  given  time. 

Reduce  the  given  time  into  feconds,  then  fay, 
as  the  fqnare  of  the  number  of  vibrations  given; 
to  the  fquure  of  this  number  of  feconds  :  :  fo  is 
39.13  :  to  the  length  of  the  pendulum  fought,  in 
inches. 

£.v.  Suppofe  it  makes  50  vibrations  in  a  nu-» 
:|)utc  ;  here  a  minute  is  =  60  feconds ;  then. 

As  2500  (the  fquareof  50)  :  3600  (the  fquarc 
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t!k) :  t  39.13  :  to  the  Icngfh  =  ^—^^  ^ 

''-r-  ==  56.34  inches,  the  length  required^ 

If  it  be  required  to  find  a  pendulum  that  (halt 
Tibiate  fuch  a  number  of  times  in  a  minute  ;  you 
Deed  only  divide  140868^  by  the  fquare  of  the 
immber  of  vibrations  given,  and  the  quotient  will 
be  the  length  of  the  pendulum. 

If  the  pfnduliitn  is  a  thread  with  2i  little  bait 
kt  it,  then  the  diftance  between  the  point  of  fuf- 
penfion  and  the  center  of  the  ball  is  edeemed  the 
KDgth  bf  the  pendulum.  But  if  the  ball  be  large, 
ky^  as  the  diuknCc  between  the  point  of  fiifpeniion, 
hnd  the  center  of  the  ball,  is  to  the  radius  of  the 
ball ;  fo  is  the  radius  of  the  ball  to  a  third  propor- 
tional. Set  I  of  this  frorini  the  center  of  the  ball 
downward,  gives  the  center  of  ofcillation.  Then 
the  whole  diflance  from  the  point  of  fufpeiiiion  to 
this  center  of  ofcillation,  is  the  true  length  of  the 
peoduliimt 

If  the  bob  of  the  pendulum  be  not  a  whole 
fphet^j;  but  a  thin  fcgmcnt  of  a  fphcrc,  as  in 
moft  clocks ;  then  to  find  the  center  of  dfcillation, 
fay,  as  the  diftance  between  the  point  of  fufpcnfioii 
Ind  the  middle  of  the  bob,  is  to  half  the  breadth 
of  the  bob  ;  fo  is  half  the  breadth  of  the  bob  to  a 
third  proportional.  Set  one  third  of  this  length 
from  the  middle  of  the  bob  downwards,  gives  the 
center  of  ofcillation.  Then  the  diftance  between 
the  centers  of  fufpenfion  and  ofcillation,  is  the 
•xaci  length  of  the  pendulum. 

Having  the  letr^lb  of  a  pendulum  given,  to  find 
^many  vibrations  it  Jhall  make  in  any  given  limc. 

Reduce  the  time  given  into  feconds,  and  the 
Pendulum's  length  into  inches  ;  then  lay,  as  the 
pven  length  0?  the  pendulum  :  to  39.13  ::  fo  is 
'he  fquare  of  the  time  given  :  to  the  fquare  of  the 
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number  of  vibrations,  whofe  Iquare  root  is  i 
number  fought. 

Example.  Suppofe  the  length  of  the  pendul 
is  56.34  inches,  to  find  how  often  it  will  vihi 
in  a  minute. 

I  minute  ==  60  feconds.    Then  56.34  ( 

length  of  the  pendulum) :  39.13  : :  3600  (the  fqu 

of  60)  :  to  the  fquare  of  the  number  of  vibrati 

86oo  +  3().i3        140868  -        ' 

= ..  =  — ^—  =  2500,  and  t/  2500 

5^-34  56.34  ^  ^ 

50  ==  the  number  of  vibrations  fought. 

If  the  time  given  be  a  minute,  you  need  c 

divide  140868  by  the  length,  and  cxtradt  the  1 

of  the  quotient  for  the  number  of  vibrations. 

Or  Time. 

As  time  in  itfcif  does  not  fall  under  the 
tice  of  our  fenfes,  and  as  the  parts  thereof  go  01 
a  continued  fucccflion  one  after  another,  no 
cxilHng  together,  it  is  impoflible  to  difcovcr 
equality  or  inequality  of  any  two  portions  of  ti 
by   an   immediate  comparifon  of    one   with 
other. 

It  is  therefore  nccefTury,  in  order  to  difting 
the  parts  of  tiri»c,  to  have  rccourfe  to  fometl 
fenlible,  and  of  a  iUJf'crent  nature  from  time,; 
jpcafurc  thereof. 

In  the  fir  11  ages  of  rhe  world,  men  obfen 
the  frequent  riling  and  fcttings  of  the  fun,  took 
one  or  the  other  for  their  firft  meafure  of  tii 
calling  that  portion  of  time  which  paflTed  bet\i 
the  two  rilings  or  fettings,  which  immediately  ; 
ceeded  each  other,  by  the  name  of  a  day.  In 
manner,  it  is  rational  tofuppofe,  that  obfcrving 
frequent  returns  of  the  new  and  full  moons,  I 
made  the  one  or  the  other  their  fccond  meafur 
time,  coJUng  that  fpace  which  paflcd  between 
2  fucce 
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fnccellivc  new  or  full  moons,  by  the  name  of  a 
n$^it  or  month*  For  fomc  ciinc  they  contented 
iJiemrclves  with  chofc  meafurcs^  \itithout  knov/ing 
cr  confidcring  whether  they  were  accurate  or  in- 
iCcuraic, 

In  proportion  aa  fcience  dawned   upon  the 
numan  mindi  *^cn  became  better  acquainted  with 
the  iTiuiion  of  the  heavenly  bodies;  they  then  dif- 
ovcrcd  irregularities  in  the  apparent  motion  of 
fun,  and  of  confequence  an  inequality  in  the 
natural  days  which  depend   on  that  motion*     By 
conlidcrrng  the  caufefc  of  this  inequality^  they  were 
led  to  make  fuch  alterations   in  the  natural  days^ 
by  adding  to  fome  and  taking  from  others^  as  re- 
duced them  all  to  a  mean  equal  length,  each  day 
being  made  to  confift  of  2+  equal  hours,  each  of 
which  is  fubdivided  into  60  equal  parts  called  mi* 
nutcs,  and  thefe  into  60  other  equal  parts  called 
feconds,  and  fo  on  in  a  fcxagefimal  progreflion  i 
.    tind  thefe  parts  of  time  thus  reduced  to  an  equality, 
^k  te  the  mean  or  equal  time,  as  it  ilands  dif* 

^Ltkgv.«a.icd  by  ajironomers  from  the  unequal  or  ap- 
^pmpcflt  time,  asmeafured  by  the  apparent  motion  of 
?    the  fun. 

^^  in  order  to  have  a  conflant  meafure  of  equal 
^Bmc^  HuYGiT^s,  a  man  who  added  the  acutell  pe- 
^Betration  to  the  moft  indefatigable  induilry,  con* 
^Bived  a  method  of  adapting  pendulums  to  clocks^ 
fvhercby  their  motions  are  fo  cxadtly  regulated^ 
^niat  in  one  whofe  movements  are  righily  adjufted, 
ibe  feconds,  minutes,  and  hours,  are  for  fome  time 
pointed  out  with  the  greatclt  cxaittnefs. 

The  principle  of  motion  in  a  clock  is  derived 

m  the  power  either  of  a  weight  or  fpringi  either 

thefe  forces  is  fufficient   to  adtuatc  or  put  in 

lion  the  f)ftem  of  wheels  and  pinions   which 

itnpofc  the  intermediate  parts  of  the  clock;  the 

IcKCS  fixed  on  the  axis  point  out  the  proper  fub* 

P  4  diviiioni 
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divilions  of  time  on  appropriate  circles  upon  the 
face  of  the  clock;  and*  a  pendulum  or  balhincc  19 
added,  to  regulate  or  render  uniform  the  motion 
communicated  to  the  machine. 

The  force  of  the  weight  is  derived  from  the 
power  of  gravity,  and  this  being  always  the  lamt 
in  a  given  quantity  of  matter,  the  force  of  tic 
weight  may  be  confidcred  as  a  conftant  quantit]r> 
or  afways  remains  the  fame  in  the  fame  medium, 
and  Is  therefore  a  uniform  power  or  principle  of 
motion. 

If  the  pendulum  be  put  in  motion  by  a  pulh 
of  the  hand,  it  will  continue  to  move  backwafd 
and  forward  till  the  rcliftance  of  the  air  or  the 
fridlion  at  the  point  of  fufpenfion  deftroys  the  ori- 
ginal imprcifed  force.  But  at  every  vibration  of 
the  pendulum,  the  teeth  of  the  crown  wheel  afl» 
upon  the  pallets,  fo  that  after  one  tooth  has  commit 
nicated  motion  to  one  pallet,  it  efcapcs^  and  the 
oppolitc  tooth  ads  upon  the  oppofitc  pallet^  and 
efcapes  in  the  fame  manner;  and  thus  each  tootb 
efcapcs  after  having  communicated  it's  motion  to^ 
the  pallets  in  fuch  manner  that  the  pendulum,  in- 
Head  of  being  ltop{)cd,  continues  to  move. 

Let  EG  l\Ji^.  ^5>  P^-  ^»  reprcfent  the  fwing- 
wheel  of  a  clock,  that  is  to  revolve  in  the  direc- 
tion K  (i  F ;  let  C  and  D  reprcfent  the  pallets 
movcLibIc  on  an  axis  at  A,  and  fo  conneded  with 
the  penJulum  as  to  be  made  to  vibrate  along  with 
it.  Suppofc  the  ball  to  vibrate  from  R  to  B,  one 
of  the  teeth  of  the  wheel  relling  againft  the  pallet 
C,  whole  figure  is  fcen  enlarged  at  1  K  L  ;  when 
the  penJulum  returns  towards  Q,  the  pallet  c  is 
drawn  out,  the  wheel  prelling  firft  along  the  plane 
IK,  and  afterwards  on  the  inclined  plane  KL; 
the  prclfure  of  the  wheel  on  KL  pufllesthe  pallet, 
or  ainits  it's  motion,  till  at  length  the  tooth  flips 
off  the  point  L.     During  thi^  time  the  pallet  I),. 

whoic 
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trhofc figure  is  fcen  at  P  NO,  is  carried  in  between 
the  teeth  on  the  other  lide  of  the  wheel,  fo  that: 
when  the  wheel  efcapes  from  the  pallet  C,  another 
tooth  drops  on  the  plane  N  P  of  the  pallet  D ;  the 
returning  vibration  again  draws  out  the  pallet,  the 
tooth  of  the  wheel  affiftin^  it's  nwtion  by  prefling 
along  the  inclined  plane  NO  till  it  efcapes  at  O* 
At  this  inftant  the  pallet  c  has  acquired  it^s  ori* 
ginal  (ituation,  and  therefore  receives  the  adjacent 
tooth,  and  the  whole  proceeds  as  before.* 

The  piece  of  mechanifm  I  have  juft  defcribcd^ 
is  termed  the  dead-beat  efcapement^  becaufe  tbc 
fecond  hand,  in  clocks  of  thisl  conftrudion,  falls 
with  a  dead  ftroke  without  recoil  on  the  diviiion 
line  of  the  dial,  and  remains  motionlefs  during 
that  part  of  the  vibration  in  which  the  tooth  refts 
wi  the  plane  I K  or  P  N  of  the  pallet. 

From  hence  it  is  cafy  for  you  to  fee,  that  it  i5^ 
.  ift.  The  weight  that  turns  all  the  wheels,  and  at 
the  fame  time  continues  the  motion  of  the  pendu- 
him.  2d,  That  the  quicknefs  of  the  motion  of 
the  wheels  is  determined  by  that  of  the  pcndulunu 
3.  That  the  wheels  point  out  the  parts  of  tinv: 
divided  by  the  uniform  motion  of  the  pendulum. 

Conliderablc  irregularities  in  clock-work 
arife  from  the  tenacity  of  the  oil  applied  to  the 
moving  pivots,  for  the  oil  is  Icfs  fluid  in  cold  than 
in  hot  weather  ;  and  any  diminution  in  it's  fltiidity 
tends  to  deftroy  the  momentum  which  the  pen- 
dulum had  acquired,  as  well  as  to  dimini{h  the 
iQaintaining  power  by  it's  endeavour  to  overcome 
the  rigidity  of  the  cooled  oil;  the  aftion  on  the 
pallets  win  therefore  be  Icfs  forcible,  and  the  vi- 
bration will  be  lefs.  To  avoid  this  defe<St  as  far 
as  relates  to  the  fufpenfion  of  the  pendulum,  it  is 
ufual  to  fufpcnd  it  by  a  ftrait  flexible  fpring,  in- 
fiead  oi  an  axis. 

Ia 

^  Nkhoiron*s  lotnoduflion  to NatunlPhiloropby,  vol* i.  p.  881, 
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In  all  that  I  have  hitherto  laid,  the  length  bf" 
the  pendulum  of  the  clock  has  been  confidered  as 
invariably  the  fame ;  but  the  contrary  happens  in 
praAice^  for  heat  dilates^  and  cold  coniraBs  all  me* 
tals^  by  which  means  the  fame  pendulum  is  longer 
in  fummer  than  in  winter^  and  the  clock  come- 
quently  goes  flower. 

Various  expedients  have  been  thought  of  for 
correcting  this  impcrfcdion  ;  all  of  thcfe^  except 
one,  depend  on  the  oppoiing  of  expanfion  to  ex* 
paniion,  in  fuch  manner  that  the  one  (hall  Ihorten. 
the  pendulum  as  much  as  the  other  lengthens  it. 

The  only  method  that  does  not  depend  oh  the 
above  principle,  is  by  making  the  pendulum  rodoE* 
the  flraitefl  grained  wood,  becaufe  the  longitudi-*- 
nal  expanfion  is  fo  fmall,  that  it  anfwers  witn  fuf- 
ficient  accuracy  for  ordinary  purpofes.  Deal 
wood  makes  very  good  pendulum  rods  ;  the  wood 
called  Sapadillo*  is  faid  to  be  ilill  better ;  baking, 
varnifhing,  gilding,  or  foaking  thcfe  woods  in  any 
mplted  matter,  is  (aid  to  render  them  lefs  accurate, 
and  that  they  iliould  be  limply  rubbed  on  the  out- 
fide  with  wax  and  a  cloth. 

Of  the  various  contrivances  to  remedy  this 
evil  by  contrary  expanfion,  I  (hall  mention  only 
one,  namely,  the  gridiron  pendulunu\  The  ex- 
panfion of  brafs  is  allowed  to  exceed  that  of  ftcel 
in  the  proportion  of  5  to  3 ;  on  which  fuppofitioHi 
if  any  piece  of  ftcel  by  the  application  of  a  certain 
degree  of  heat,  expands  iV  of  an  inch,  a  piece  of 
brafs  of  the  fame  length  will  expand  tv  of  an 
inch. 

Now  as  the  whole  length  of  the  brafs  expands 
•^  of  an  inch,  and  the  expanfion  through  the  whole 
is  fuppofed  uniform,  if  it  be  divided  into  five  equal 
parts,  each  part  will  have  expanded -jfv  of  an  inch; 

*  Cumming's  Elements  of  Clock  Work,  p.  92. 

t  NicholCon'fi  IniraduOioa  to  Philuroph/,  vol.  it  p.  91* 
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if,  therefore,  wc  take  away  two-fifths  of  ifs  whole 
Iciiffth,the  expanfion  of  the  remaining  three-fifths 
will  be  three-tenths  of  an  inch;  confcquently,  the 
expanfion  of  a  bar  of  (leel  is  equal  to  the  expan* 
^  ficffi  of  a  bar  of  brafs  three-fifths  it*s  length. 

Let  A  B,  fig.  i6j  pL  2,  reprefent  the  length 
of  any  given  pendulum^  to  which  a  gridiron  is  to 
be  applied.  Bifed  A  B  in  C,  and  make  B  D,  D  E, 
E  F,  each  equal  to  C  B,  the  half  of  A  B;  then  A  F 
will  be  to  B  F,  or  H  G,  as  5  to  3. 

If  therefore  AF  be  fteel,  and  H  G  be  brafi, 
their  contradtions  and  expanfions,  with  any  degree 
of  heat  and  cold,  will  be  equal;  and  if  the  brafs 
bar  G  H  be  firmly  attached  to  the  fteel  bar,  at 
their  extremities  E  G,  and  the  fl:eel  bar  be  fufpended 
by  the  point  A,  the  brafs  bar  will  expand  upwards. 
u  much  as  the  fi:eel  bar  H  G  downwards,  and  the 
points  A  and  H  will  always  keep  the  fame  diftance 
from  each  other.     Confequently, 

If  a  pendulum  be  conjlrufled,  wbofe  point  of 
fufpenfion  is  A,  and  it's  center  of  of  dilation  H,  // 
can  neither  he  lengthened  nor  Jbortened  by  any  change 
of  heat  and  cold. 

It  appears,  that  whatever  be  the  length  of  a 
pendulum,  three  half  lengths  muft  be  of  fl:eel,  and 
one  half  length  of  brafs,  in  order  to  have  as  much 
expanfion  upwards  as  downwards ;  and  "jcben  the 
whole  length  of  bars  is  thus  afcertained^  they  may 
be  cut  into  fuch  fcvcral  lengths  as  may  beft  fuit 
iht  purpofe. 

Always  obferving  that  the  expanfion  of  the 
fteel  tends  downwards,  and  that  of  the  brafs  up- 
>vai:ds;  in  which  cafe  they  will  ballancc  each  other, 
V^ithout  regard  to  the  number  of  pieces  into  which 
ttey  are  cut;  for  the  efFeft  of  the  whole  confifts 
of  the  effedls  of  all  it's  parts. 

If  the  fteel  bar  A  F  be  cut  into  three  unequal 
^engthsj  and  the  brafs  bar  H  G  into  twoj  and  thofe 

five 
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five  pieces  be  applied  and  conneSed  with  cacll 
other,  as  in  fig.  17^  pi.  2,  the  brafs  bars  will€xpaxi 
np'xards^  as  much  as  the  fteel  downwards  i  and  the 
center  of  ofcillation,  B,  always  keeps  the  fame  dif- 
tance  from  A,  the  point  of  fufperifion;  nor  will  the! 
cxpanfion  of  the  little  crofs  pieces  that  conncft 
the  bars  be  of  any  ctfed,  as  they  only  ad  late- 
rally^ 

Though  \h  theory  five  bsfrs  only  afe  neceflarjf 
for  conftrudting  a  gridiron,  nine  are  requifite  irt 
pradice  ;*  and  in  order  that  the  bar,  to  which  thcf 
pendulum  is  immediately  fufpended,  may  be  equally 
fupport^d  on  each  fide.  From  Jig.  19,  pL  2$ 
you  will  fee  clearly,  that  the  correfponding  bafsai. 
each  fide  the  center  co-operate  in  fuch  manner,  as 
to  move  both  ends  of  the  crofs-bars  equally,  and  by 
that  means  prevent  fuch  bending  of  the  upright 
ones,  as  muft  othcrwifc  happen  by  the  weight  of 
the  ball  B.  Thefe  additional  bars,  properly  ap- 
plied, do  not  incrcafe  the  expanfion* 

Fig.  1 8,/)/.  2,  rcprcfents  the  manner  of  conncfi- 
ing  the  bars  in  a  gridiror.  pendulum.  The  bars  arc 
reprefentcd  as  broke  in  the  middle:  the  letters  on 
the  round  bars  denote  the  metal  of  which  each  i* 
made;  and  that  part  of  the  middle  rod  which  is 
above  the  crofs- piece  E,  fcrvcs  only  to  keep  the 
three  bars  On  each  fide  thereof  in  the  fame  plane 
with  the  two  outfidc  ones :  it  alfo  anfwcrs  a  like 
purpofc  at  the  lower  end  of  the  gridiron,  and  is 
pinned  only  at  the  croj's-picce  K\  moving  freely, 
but  Ziitbout  J/jake^  in  the  pieces  C,  D>  F,  and  G/ 
The  upright  bars  are  generally  conneded  towards 
the  middle  by  one  or  more  crofs-pieces :  to  prevent 
any  trembling  that  might  arifc  from  theiiT  elaftic 
flexibility,  thcfe  pieces  are  pinned  to  the  two  ex- 
I  t-rcmtf 


*  On  the  fuppofition  that  fled  and  brafs  are  the  mcUlf 
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bars,  and  allow  the  other  fcven  to  move 

la  aill  this  it  is  fuppofed,  that  the  expanfion  of 

is   to  that  of  the  ftccl  cxacflly  as  five  to 

il  that  all  the  dimenlicjns  are  accurately^ 

douii.     ji  the  contrary  appears,  the  gridiron 

^ed  by  fliifting  the  crofs-piccc  F  up- 

a\v;irds,  as  occalion  may  icquire. 

bctorc  we  proceed  to  a  frclh  lubjcfti  I  fhall 

'         ro  fay  a  few  words  on  the  nature  of  time; 

you  arc  able  to  form  abftrad:  ideas  of 

pc  and  fpace^  you  will  never  truly  apprehend 

Vilual  fubjccts;  whereas  juft  notions  thereof  will 

jow  very  important  light  on  religious  and  nieta- 

^fical  fpcculations.     **  If  nobody  a(k  me  what 

"  /*  fays  St.  Auguftine,  I  think  I  know;  but  if 

Jy  alk  nic,  1  cannot  tell:'*  and  indeed  it  is 

cafy   to  give  a  clear  idea  thereof.     Are  days, 

months^   and    years,    defcriptive    of  time  ? 

p,  and  months,  and  years,  are  mtrafured  by  the 

js  of  motion;  but  the  meafure  is  different  from, 

only  relative  to  time.     Time  Mould  be,  were 

and  years,  and  months,   to  be  confounded, 

M    Monboddo  define:*  time  as  the  meafure  of 

duration  ot  things  that  exift  in  fucceflionj  by 

1  motion  of  the  cckllial  bodies* 

All  the  fubjeds  to  which  time  is  applicable, 

jfaid  to  be  in  time;  and  are  all,  fome  way  or 

tr  alfe^lcd  by  time.  But  it  is  evident,  that  beings 

Ich  fuftcr  no  change  in  fubftance,  qualities,  nor 

pgics,  cannot,  without  fomc  rcllnction,  be  faid 

in  time.     Qf  thii  kind  we  conceive  the  Di- 

Being  to  be, 

For  time  cannot  be  applied  to  any  being  of 
Ic  and  permanent  duration,  without  change  or 
>f  any  kind;  but  only  to  beitigs  that  arc 
lant  flux,  and  always  changing,  either  as 
kheir  fubllance,  or  their  qualities  and  energies, 

Tho 


224       Lectures  on  Natural  Philosophy* 

Dr.  Clarke,  by  confounding  the  ideas  of  fuc- 
cefli ve  and  unfucceinvc  duration,  advanced  a  ftrangc 
paradox,  which  he  thus   cxprefles:    "  How  any 
thiiHg  can  have  exifted  eternal]y^  that  is,  how  an 
eternal  duration  can  be  adually  paft,  is  utterly  un* 
conceivable;  and  yet  to  deny  that  an  eternal  du^ 
ration  i^  now  adhidly  pad,  is  an  exprcfs  contra-* 
didlion/*     Now  he  fliould  have  faid  quite  the 
(Contrary ;  namely,  that  to  maintain  that  an  eternal 
duration  is  actually  pad,  is  altogether  repugnant 
and  contradictory.     It  is  indeed  not  only  uncon* 
ceivabic,   but   abfolutely   impolTible.      Wherever 
there  is  a  laft,  there  mull  he  a  firft;  now  in  eter- 
nity there  can  be  no  firft,  and  therefore  no  laft. 
Whatever  is  fucceflive  cannot  be  eternal:  no  ad^ 
dition  of  finite    (ucceilions   c^n  make  abfolute 
infinite. 

This  fubjedt  cannot  be  confidered  too  clofcly, 
if  you  u  ifli  to  avoid  the  errors  of  modern  mate- 
rialifts;  for  you  will  fmd  one  of  them  declaring, 
that  he  can  eaficr  admit  the  non-exijience  of  God 
kimfclf,  than  the  non-cxiftencc  of  fpacc  or  du»» 
ration  :  thus  conceiving,  ^  Mr.  Hindmarlh  has 
juftly  inferred,  time  and  fpace,  which  in  thcnifclvcs 
are  unfubftantial,  inanimate,  and  deftitutc  of  intel- 
ligence, to  be  more  ncccflary  4nd  independent  in 
their  exiftence,  than  him  whom  we  call  God.* 

I  will  conclude  this  part  of  the  prcfcnt  Lec^ 
turc,  with  a  ftiort  extradl  from  that  part  of  Mr, 
Tucker's  *'  Light  of  Nature"  which  he  terms 
*'  The  Vifion." — *^  And  there  ftood  before  him  an 
angel ;  his  countenance  was  mild  and  lively,  and  his 
raiment  white  and  ftiining.  He  had  fpangled  wings 
growing  from  his  ftioulders,  his  fidts,  and  his  legs. 
And  be  Jliid,  '  O  man,  come  :^long  with  me:  I  will 

*  teach 


*   For  a  ronftjration  of  Dr.  rricfllry's  notions  on  lhi$  an4' 
oilic;  iiilj/cls,  fee  •'  llin^Jnidrfh'i  LcUeis  to  PricllUy." 
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*  teach  thee  what  to  think  of  glories  thou  canft  not 
■  comprehend,  and  tnake  thee  more  fenfible  of  the 

*  infinite  diftance  between   the  creature  and  the 

*  Creator/  So  faying,  he  took  me  up,  and  carried 
Ine  to  the  utmoft  bounds  of  the  univerfe.  And  he 
faidj  *  Try  now  if  thou  canft  create  a  new  world 

*  beyond  this/     And  I  laid,  '  Far  be  it  from  me  to 

*  attempt  iiicroaching  upon  the  divine  prerogative* 

*  Thou  knoweft  I  am  poor  and  weak,  unable  to  adt 

*  without  corporeal    inllruments;    and  the  little 

*  power  I  havej  is  given  me.'     And  he  faid,  '  I 

*  know  thy  weakness ;  that  the  power  is  not  thine; 
I  •  nor  do  1  txpeA  that  thou  ftiouldeft  operate.  I 
[ '  am  commimoned  for  thine  inftrudlion.     Know, 

•then,  that  creative  power  awaits  thy  diredion, 
•for  a  trial  of  what  thou  canft  perform  by  it*' 
•Alas!'  faid  I,  •  I  know  not  where  to  begin^  nor 
•how  to  proceed!* 

And  he  faid,  *  Stretch  forth  thy  right-arm,  and 
'  thruft  it  ftrait  from  thy  fide.'  And  f  eflayed,  but 
could  not  thruft  it  out.  Not  that  I  found  any 
'  Ihing  to  relift  me ;  but  when  my  arm  came  to  the 
litmoft  verge  of  the  univerfe,  it  i'eemed  as  if  I  had 
Joft  the  ufe  of  it,  fo  that  I  could  not  move  it  fur- 
ther. And  I  afked  the  angel,  *  Wherefore  cannot 
^  I  move  my  arm  this  way  ?  I  can  thruft  it  above  or 
•  below^  before  or  behind  mc ;  but  I  cannot  ftretch 
'  it  out  from  my  fide.'  And  he  faid,  •  Becaufc 
'  there  is  no  fpace  to  receive  it.'  And  I  faid, 
'  Since  it  hath  fo  picafed  the  creative  power,  and 
'  this  for  mine  inftrudion,  may  there  be  fpace.' 
iLnd  he  faid,  *Put  forth  thine  arm  again.'  And  I 
3ut  it  forth  with  eafe  ftrait  from  my  fide,  as  I 
rould  have  done  any  other  way. 

And  he  faid,  '  Wave  now  thy  fingers  to  and 

fro;  moving  them  in  order,  one  after  another.' 

Accordingly,  I  endeavoured  to  do  as  I  was  bidden, 

)ut  could  not  perceive  whether  my  fingers  moved 

Vol.  III.  Q  or 


gins  to  be  comprefled,  the  force  by  which  it 
the  ftriking  body,  and  accelerates  the  body 
is  the  Icaft  of  all;  it  afterwards  will  conl 
increafe  during  each  fucceffive  inftant, 
comprcflion  is  the  greateft  pollible.  The  ii 
of  this  force  may  vary  according-  to-any  ima 
law;  but  whatever  be  the  variation,  ic 
equally  on  both  fides. 

When  the  two  bodies  have  acquired 
mon  velocity,  the  fpring  can  acquire  no 
comprefTion,  and  may  then  begin  to  reftoi 
with  various  degrees  of  force,  from  o-  to  tl 
by  which  it  was  comprefled.  When  thi 
tuti\e  force  is  equal  to  that  of  compreflion, 
tionof  the  fpring  will  befimilar  to  that  of  p< 
elaltic  bodies. 

Morion  cannot  be  communicated  to  ar 
inftantaneoufty,  but  muft  be  produced  by  j 
acceleration;  it  not  being  conceivable,  tl 
really  exifting  body  Ihould  pafs  from  qui 
into  finite  motion,  or  from  one  degree  o 
motion  to  another,  without  having  poflel 
the  intermediate  degrees  of  velocity. 

Suppofe  a  fpherical  body  to  impinge  i 
ther  body  of  the  fame  form,  moving  in  tl 
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5ve  with  a  greater  velocity  than  that  of  the  ball 
jckj  and  the  refinance  which  the  fpheres  op- 
>fc  to  the  change  of  their  figures.  Mill  a^it  equally 
both  fpheres,  but  in  contrary  dire(fiions  ;  that  is, 
fce  force  by  which  the  ftriking  body  is  re  lifted, 
ill  urge  forward  the  body  ftruck;  which,  there* 
jr,  will  be  gradually  accelerated,  and  the  ftriking 
[ill  retarded,  until  the  centers  are  at  their  greateft 
lance,  the  change  of  the  bodies  figures  being 
en  the   greateft;   at  which   inftant  all   accele^ 
lion  of  the  ball  ftruck,  and  retardation  of  the 
iking  ball,  ceafes,  and  the  two  centers  begin  to 
I  on  with  a  common  velocity. 
This  reafoning,  concerning  collifion  of  bodies, 
rcqually  applicable  to  the  cafe  in  which  both  bodies 
"   non-elaftic,  as  when  one  is  perfecftly  non-elaftic^ 
"  the  other  perfedly  hard.    It  is  likcwife  equally 
}licablc  to  the  collilion   of  bodies   which   arc 
He  in  any  degree,  fo  far  as  regards  the  velocity 
imunicated   to  the   body  ftruck,   during   that 
ill   but    finite  portion  of  time   m    which  the 
jres  of  the  fpheres  receive  their  greateft  change, 
if  centers  then  beginning  to  go  on  with  a  com- 
m  velocity  in  bodies  of  every  kind  of  texture.* 

Op  Elasticity. 

he  artion  whereby  bodies^  whofe  figures  arc 
^cd,  reftore  themfclves  to  their  former  figure, 
is  termed  elajliciiy.  An  elaftic  body  is  therefore 
t  whofe  figure  being  changed,  it  recovers^  or  has 
ndency  to  recover,  it's  figure. 
There  are  in  nature,  as  you  have  already  feen, 
Sneties  of  activities  ;  in  fome  of  which  the  caufcs 
-jcndcrcd  manifeft  by  experimental  inquiries; 
licrs,  and  among  thefe  we  may  reckon  clafti- 
Q  3  city, 

•  Sec  Atwood  on  Rc^lilincir  Motion* 
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city,  where  no  caufc  at  all  is  dlfcovcrable  by  the 
fcnlcs. 

A  variety  of  experiments  prove  the  exiflcnce 
of  an  elaftic  force.  The  feparation  of  two  bodice' 
after  inipad,  is  a  proof  of  elafticity.  Metals^  feoii*? 
metals^  {tones,  gems,  fofTiIs,  cartilages,  moll:  fluids^ 
as  air,  and  even  water,  exert  an  influence  oppojite  to 
the  direcition  of  the  force  compreflTing  them,  ai4 
difcovcr  a  tendency  to  return  to  their  natural  ftatcj 
which  tendency  is  in  all  of  them  imperfed,  an^ 
Icfs  than  the  force  imprefled ;  but  moft  perfcdi  la 
glafs,  ivory,  hardened  ftecl,  and  cartilages. 

Elafticity  is  increafed  by  augmenting  the  doi- 
fity  of  a  body :  thus  metals  are  rendered  more 
claftic  by  being  beaten  by  a  hammer;  and  their  elaf- 
ticity, which  was  fcarcely  fenfible  before,  by  thi< 
proccfs  becomes  very  fenfible.  Steel  is  moreelaftk 
when  tempered,  and  it'$  denfity  is  increafed  in  the 
ratio  of  7809  to  7738. 

Elafticity  is  fometimes  increafed  by  coMs 
thus  the  range  ofa  cannon-ball  is  faid  to  begreatc* 
when  the  cannon  is  cold,  than  when  heated;  anu 
the  ftring  ofa  violin,  or  a  ftcel  lamina,  is  inflected, 
r^nd  alfo  recovers  it's  ficuation,  with  lefs  force  in 
hot  than  in  cold  weather. 

MctrJ  fibres,  and  thin  ftcel  lamina?,  exhibit 
no  elafticity,  unlcfs  ftrccchcd  to  a  certain  degree^ 
and  inllccicd  by  a  certain  force;  as  appears  from 
hi\  cords,  A^liiJi,  if  a  little  ftrctched,  and  removed 
tVom  their  natural  ftatc,  difcover  no  tendency  to. 
return  to  it;  and  when  the  inflexion  of  a  fibre  is 
very  great,  the  influence  of  elafticity  feems  to  be 
in  fome  cufts  annihilated ;  as  appears  by  the  fibres 
ot"  v\ood,  which,  inflcded  to  a  certain  degree,  rc- 
jnain  quicfccr.r,  and  have  no  tendency  to  recover 
their  former  lituation.  The  limits  where  the 
<l:illic  power  begins,  or  where  it  terminates,  arc 
unknov\n. 

Motion 
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Motion  is  fuppofed  to  be  communicated,  or 
liflfufed,  in  elaftic  bodies,  from  the  point  of  im- 
pad  to  the  remote  parts ;  and  this  fuppofition  is 
pounded  on  the  following  experiments. 

Here  are  two  ivory  balls  fufpendcd,  fo  that 
llicir  centers  are  in  one  line.  The  furface  of  one 
of  them,  B,  is  frefh  painted.  By  letting  them 
touch  each  other  gently,  A  has  received  a  fmall 
point  of  paint  upon  it's  furface.  Now  I  (hall  raife 
Ac  ball  A,  fo  that  it  may  impinge  with  fome  vio- 
lence on  B,  and  it  is  evident  that  the  furface  of 
each  ball  has  been  flattened  by  the  blow ;  for  there 
h  on  each  a  circular  mark,  ihewn  by  the  paint 
ftnick  oflT,  and  the  other  by  the  paint  received; 
and  as  the  balls  retain  their  fpherical  figure  after 
the  impad:,  it  is  clear  that  the  parts  of  the  furface 
W)t  only  loft,  but  recovered  their  figure. 

Two  glafs  balls  may,  with  a  proper  degree  of 
velocity^  fo  impinge  on  each  other,  that  the  inte- 
rior parts  of  the  ball  will  be  broken,  though  the 
exterior,  contiguous  to  the  point  of  impad,  be  un» 
broken. 

Sufpend  two  ivory  balls  from  the  fame  point, 
by  ftrings  of  the  .fame  length,  and  let  the  fmaller 
oall^  A,  impinge  upon  B,  at  reft,  with  a  given 
^clocity^  A  will  be  refleded  always  to  the  fame 
Sleight,  and  B  will  be  impelled  to  the  fame  height. 
But  if  either  A  or  B  be  hollowed,  and  lead  infertcd 
n  the  center,  or  near  to  the  pofterior  furface,  nei- 
her  ball,  though  the  weight  be  the  fame,  will 
.(tend  as  high  as  before  the  infertion  of  the  lead. 
The  progreflive  motion  of  the  parts  from  the 
>oint  of  impact  is  ftopped  by  the  infertion  of  the 
ead;  and,  confcquently,  the  force  ofreftitution,and 
he  change  of  figure,  is  Icfs  than  before  it  was  in- 
crted. 

The  motion  diffufcd  from  the  point  of  im- 

iftft  to  the  remote  parts  of  an  elaftic  body,  is  con- 

Q  4  tinucd 
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tinucd  for  fome  time^  and  diminifhes  gradua^Ily  till 
it  vanifhes.  And  there  Teem  to  be  two  kinds  of 
vibrations  in  the  parts  of  an  elallic  body;  one  of  , 
'\^hich  is  quick^  and  called  a  (remor  of  it's  minute  J 
parts;  and  the  other  flower  and  longer,  by  which  i 
it's  figure  is  changed^  and  an  impinging  body  re^  ' 
pcllcd.  i 

A  ftrokc  or  friftion  upon  the  edge  of  a  glafi, 
communicates  a  tremulous  motion  to  the  parts  of 
the  glafs,  which  is  vifibly  communicated  to  the 
V  atcr.  A  reed  or  ftick  placed  acrofs  the  bottom 
of  a  large  glafs  bell^  will  fall  when  the  glafs  is 
ftruck,  the  Jlioke  producing  a  change  of  figure. 
If  you  hold  a  piece  of  metal  near  the  brim  or  lip 
of  a  bell,  without  touching  it,  and  the  bell  be 
ftricken  by  a  hard  body,  you  will  fee  it  touch  the 
piece  of  metal,  and  will  hear  a  fucceffion  of  founds 
gradually  decaying.  If  the  edge  of  the  bellb? 
pinched,  and  the  fingers  be  fuddenly  withdrawn, 
the  fame  fuund  is  heard,  without  producing  any 
fcnfible  motion  towards  the  piece  of  metal,  or  dif* 
placing  the  reed  acrofs  it, 

Thofe  !j:vs  according  to  which  alterations  are 
produced  in  the  reft  and  motion  of  bodies  upon 
their  collifion,  arc  called  the  icrivs  of  the  conmuni- 
callou  of  vicli?u. 

VN  hen  01  ..'  body  flrikcs  againft  another,  if  the 
line  r  Mircclion  of  the  impiilib  paiics  through  the 
cc:.Lcr  olfriavity  of  both  the  bodies,  the  impulfc  is 
calleil  //.'/^  or  i//;v\V,  othcrwifc  it  is  called  an  oblique 
impulfc. 

'J'he  r(  huive  vclority  of  two  bodies,  is  that 
velocity  with  which  they  approach  to,  or  recede 
fron],  each  other;  and  is  equal  cither  to  the  dif- 
ference ot  rne  velocities  of  bodies  moving  the 
fame  way,  or  to  the  fum  of  the  velocities  of  bodies 
moving  contrary  ways  :  for  if  one  of  the  bodies 
were  at  reft,  and  the  other  moved  towards  it,  or 

from 
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from  it,  with  the  forementioned  difference  or  fum 
of  velocities,  the  body  in  motion  >vould  approach 
to,  or  recede  from,  the  body  ar  reft,  juft  as  fafl  as 
the  two  moving  bodies  approached  to  or  receded 
from  each  other. 

If  two  bodies  move  in  the  fame  direction  with 
equal  velocities,  they  are  relatively  at  reft, 

When  the  impulfe  is  direcft,  and  the  bodies 
trc  void  of  elafticity^  the  laws  of  the  communi- 
ation  of  motion  are  thefe  that  follow  : 

1.  In  hII  cafes,  the  velocities  rfter  the  ftrokc 
equal ;  for  the  impulfe  ceafes  when   the  im* 

ng  bodies  are  relatively  at  reft,  and  not  be- 
fore. 

2.  If  two  bodies  move  the  fame  way,  and  in 
the  fame  right  line,  that  which  moves  fafteft  will 
overtake  the  other^  and  the  Turn  of  their  motions 
will  be  the  fame  after  the  ftroke  as  before:  for, 
by  the  third  law  of  morion,  fo  much  motion  as  the 
floweft  body  gains,  the  fwifteft  body  lofes*    ^ 

3,  If  two  bodies  move  contrary  ways,  the  fum 
of  their  motions  after  the  ilroke,  will  be  eqiial  to 
the  difference  of  their  motions  before  the  Itroke: 
for  whilft  the  ftrongeft  morion  deftroys  theweakeft, 
it  lofes  alfo  an  equal  part  of  itfclf,  by  the  third 
law  of  motion. 

4,  If  the  fum  of  two  confpiring  motions,  or 
the  difference  of  two  contrary  motions,  be  divided 
by  the  fum  of  the  quantities  of  matter  in  both  the 
moving  bodies,  the  quotient  will  give  their  com- 
mon velocity  after  the  ftroke. 

5*  If  the  velocity  after  the  ftroke  be  multi- 
lied  into  the  quantity  of  matter  in  each  body,  the 
roduds  will  exprefs  the  quantities  of  motion  in 
each  body  after  the  ftroke. 

6.  The  dift'erence  between  the  quantities  of 
IDOtion  in  either  of  the  moving  bodies^  before  and 

after 
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after  the  ftroke,  is  equal  to  the  quantity  of  the 
ftrokc. 

Example  r.  Let  a  ball  of  three  ounces,  mov-^ 
ing  with  nine  degrees  of  velocity,  overtake  ano-» 
ther  ball  of  two  ounces,  moving  with  four  degrees 
of  velocity ;  then  will  the  quantities  of  motion 
before  the  ftroke  be  27  and  8,  the  common  v-elo- 
city  after  the  ftroke  will  be  7,  the  quantities  of 
motion  after  the  ftroke  will  be  21  and  li),,  and  the 
quantity  of  the  ftroke  will  be  6. 

Example  2.  Let  the  fame  balls  move  with 
the  lamp  velocities  contrary  ways;  then  Mill  the 
quantities  of  motion  before  the  ftroke  be  as  be^ 
fore;  the  common  velocity  after  the  ftroke  wil| 
^^  Zh  ^^  quantities  of  motion  after  the  ftroke  will 
be   ii|  and   7^,  and  {he  quantity  of  the  ftroke 

Wherefore,  if  two  equal  bodies  move  in  con^ 
trary  dirediions,  with  equal  velocities,  as  foon  as 
ihcy  ftrike  both  the  motions  will  be  deftroyed» 
And  if  a  body  in  motion  ftrikes  againft  a,n  equal 
body  at  reft,  it  will  communicate  half  it*s  velo- 
city, or  half  it's  motion.  And  if  one  moving 
body  overtakes  another  moving  body  equal  to  the 
firft,  the  common  velocity  after  the  ftroke  w  ill  be 
pqual  to  half  the  difference  of  their  velocities  be- 
fore the  ftroke.  But  if  they  moved  in  contrary 
diredions,  the  velocity  after  the  ftroke  will  be 
equal  to  half  the  fum  of  the  velocities  before  the 
ftroke. 

7.  If  a  moving  bpdy  ftrikes  againft  an  im- 
inovcable  obftacle,  after  the  ftroke  the  whole  mo- 
tion will  be  dcftroycd,  and  the  quantity  of  the 
ftroke  will  be  equal  to  the  whole  quantity  of  the 
motion. 

8.  If  the  moving  body  gravitates  towards  the 
immoveable  obHaclc  (as  when  a  ftonc  falls  upon  th  < 

earth  > 
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earth),  the  quantity  of  the  ftrokc  is  equal  to  the 
fum  of  the  quantity  of  motion  added  to  the  weighc 
of  the  moving  body;  for  the  weight  remains  upon 
the  obftacle  when  the  impulfe  is  deftroyed.  . 

The  fum  of  the  motions  of  two  bodies  void  of 
elafticity,  may  be  lefs  after  the  ftroke  than  it  was 
before^  but  it  cannot  be  more. 

9.  If  a  body  moves  after  the  ftroke  the  fame 
way  that  it  moved  before,  the  difference  of  the 
▼clocities  before  and  after  the  ftroke  will  be  equal 
to  the  velocity  loft  or  gained.  Thus,  in  the  firft 
example,  the  velocity  loft  is  2,  and  the  velocity 
gained  3. 

10.  If  the  dire<f;ljn  of  the  motion,  after  the 
ftroke,  be  contrary  j  o  the  diredion  of  the  motion 
before  the  ftroke,  the  fum  of  the  velocities  before 
and  after  the  ftroke  will  exprcfs  the  quantity  of  the 
velocity  gained.  Thus  in  the  fecond  examplcj^  the 
velocity  Joft  is  5 1,  the  velocity  gained  7^. 

Wheh  the  mpulfe  is  direft,  and  the  bodies 
perfeftly  elaftic,  the  laws  of  the  communication 
of  motion  are  different  fron^the  foregoing.    For, 

1.  Upon  the  coUifion  of  two  elaftic  bodies, 
the  force  of  elafticity  is  equal  to  the  force  of  com- 
prcflion;  and  the  force  of  compreflion  in  each 
body  is  equal  to  the  quantity  of  the  ftroke. 

2.  The  whole  force  of  elafticity,  exerted  at 
the  reftitution  of  both  the  fprings,  is  double  the 
quantity  of  the  ftroke;  for  it  is  the  refult  of  two 
forces  in  contrary  directions,  each  of  which  is 
equal  to  the  quantity  of  the  ftroke.  Or  it  may  be 
Conceived  thus :  the  fum  of  the  elafticities  is  equal 
^o  the  fum  of  the  quantities  of  the  ftroke  in  both 
t^odies  together;  that  is,  to  double  the  quantity  of 
^he  ftroke  in  each  lingle  body. 

3.  The  effc6l  of  the  elafticity  in  each  body 
'^'ill  be  equal  to  the  effed  of  the  ftroke,  and  in  the 
^nie  diredtion;  for  the  two   equal  and  contrary 

elafticities 
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clafticitics  in  the  former  cafe,  arc  equivalent  t    Bg 
aAion  and  re-a6tion  in  the  latter. 

4.  Wherefore,   to  find  the  velocity  of  cithe    -a* 
body  after  the  collifion,  firft,  find  the  common  v^  ^ 
Jocity  with  w  hich  the  bodies  would  move  after  th.  « 
ftroke,  if  they  had  been  void  of  elafticity,  and  fin  ^ 
alfo  the  velocity  loft  or  gained;  then  fubtra(3:  tl^  < 
velocity  loft  from  the  common  velocity,  or  to  tl^. « 
common  velocity  add  the  velocity  gained;  fo  ftuL^l 
the  difference,  orfum,  be  the  velocity  fought.    Burnt 
if  the  velocity  loft  be  greater  than  the  common 21 
velocity,  then  fubtracl  the  common  velocity  fror"Mi 
the  velocity  lofw,  and  the  remainder  will  give  tl».  c 
velocity  fought  in  a  contrary  diredlion. 

Thus,  in  the  firft  example  before  flated^  if  Vi^^c 
fuppofe  the  bodies  to  be  claftic,  the  velocities,  aflF-* 
tcr  collifion,  will  [be  5  and  10,  and  confequentH-/ 
the  quantities  of  motion  will  be  15  and  20. 

In  the  fecond  example,  the  velocities,  aft^sr 
collifion,  will  be  it>  and  iif,  and  the  quantities' 
of  motion  4-7  and  23  j. 

For  a  third  example,  let  us  fuppofe  two  bc:^>- 
dies,  in  proportion  as  three  to  two;  the  firft  ^^^ 
reft,  and  the  fecond  moving  towards  the  firft  wit-  h 
40  degrees  of  velocity :  then  will  the  quantities  cri^^f 
motion  before  the  ftroke  be  o  and  80,  the  commo — *^ 
velocity  «ifter  the  ftroke  16,  the  quantities  of  mo^^" 
tion  after  the  ftroke  48  and  32,  the  quantity  ofth  -^ 
ftroke  48,  the  velocity  gained  16,  the  velocity  lo^*''^ 
24,  the  velocities  after  the  reftitution  of  the  fpring:^^^ 
32,  and  8  in  a  contrary  direction ;  the  quantities  o^^^ 
motion  after  collifion  9^1  and  16. 

In  the  firft  example,  the  fum  of  the  motion ^^ 

before  collifion,  is  equal  to  the  fum  of  the  motion^-— ^ 
after  collifion;  in  the  fecond  it  is  greater;  in  th-  ^^ 
third  lefs.  _ 

Two  claftic  bodies  always  recede  from  eac^^ 
other  after  collifion,  and  that  with  the  fame  rela^  — 
tivc  velocitv  with  which  they  tended  towards  eac  ^ 

oth^r 
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**thcr  before  collifion.     Thus  the  relative  velocity, 
before  and  after  collifionj  is  5  in  the  lirftexamDlc, 
■*3  in  the  fecond,  and  40  in  the  third. 

And  in  all  cafes^  whether  the  impinging  ba- 
jlics  arc  elaflic  or  not,  the  fum  of  the  motions  in 
ic  fame  direiftion,  and  the  difference  of  the  mo^ 
t  contrary  directions,  are  the  fame  both  be- 
J  after  coUifion, 
it  two  equal  elaftic  bodies  move  tovcards  each 
pr  with  equal  velocities,  they  will  recede  from 
"other  after  coilifion  each  with  the  HiRie  vclo- 
itjr.  If  one  of  them,  in  motion,  ftrike  againft  the 
chcr  at  reft,  it  will  communicate  the  whole 
velocity,  and  remain  at  reft  itfcif*  If  one  over- 
Hikes  the  other,  they  will  interchange  velocities. 
Bid  continue  to  go  on  the  fame  way  as  before.  If 
Hiey  meet  each  other  with  diHerent  velocities,  they 
Hrilt  interchange  velocities,  and  fly  off  from  each 
fncher  in  contrary  direcHons. 
j^  If  an  elallic  body  ttrikes  upon  an  immoveable 
■laftic  obftacle,  it  will  rebound  with  the  fatne 
Hclocity  that  it  came. 

H  If  one  of  the  impinging  bodies  be  hard,  and 
K'  T  elaflic,  the  laws  of  the  communication 

K.  i..v,w.on  are  the  fame  as  if  both  the  bodies  were 
^H^ic  ;  for  the  fpring  u  ill  give  way,  till  the  force 
Hf  clntiicity  becomes  equal  to  the  force  of  com- 
Breirion»  that  is,  double  to  the  quantity  of  the 
Broke  in  each  body;  and  the  rc-action  of  a  hard 
^■^  agaifid  double  the  quantity  of  clafHcity,  will 
^BRuce  the  fame  cWeB.  as  a  fmgle  quantity  of 
Bafticity  in  each  body  a:ling  in  conlrary  dircc- 

B  If  the  impulfe  is  oblique,  it  muft  be  refolved 
Bito  cwo  impulfcs,  one  dircd,  anJ  the  other  pa- 
B"*  c  at  the  point  of  collilion.    The 

■t  impullc  mull  be  computed  ac- 

Bording  to  the  laws  beforc^mentioned:  the  pa- 
Bdlcl  impulfe  Will  continue  after  the  colliiion  the 
B^  lame 
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in  the  body  itfelf,  and  is  therefore  continually  ad- 
ding to  it's  velocity;  and  fecondly,  becaufe  the 
weight  or  rcfiftance  of  the  rocket  is  diminifhing 
every  inflant  by  the  diflipation  of  the  parts  as  they 
burn  away* 

General  Observation's  on  Motion.* 

If  you  take  only  a  curfory  view  of  the  opera-* 
tions  in  nature,  you  muft  be  convinced  that  there 
is  fomcwherc  art  inexbaujliile  Jource  of  impulfef 
though  umJifcernible  by  our  fcnfes  :  confider  the 
diflblving  power  of  menftruums,  the  violence  of 
fire,  the  ftrong  contraction  of  our  heart  and  arte- 
ries, the  ftability  of  heavy  mafles  held  down  by  the 
force  of  gravitation  to  the  earth,  the  firm  cohefion 
of  bodies,  and  you  muft  own  all  thefe  muft  have 
fome  prodigious  fund,  though  you  know  not  whence 
to  derive  the  force  they  exert. 

The  heavens,  the  earth,  and  all  the  elements 
are  in  conftant  motion  ;  the  matter  of  the  earth, 
&c.  is  conftantly  pafling  into  the  fubftance  of  trees 
and  plants,  and  as  conftantly  returning  from  them 
again  in  their  diirolution ;  the  fea  is  moved  with 
tides  and  currents  ;  the  air  is  agitated  with  winds 
and  ftorms ;  and  light  is  continually  flowing  from 
the  fun,  ftars,  &c.  to  the  utmoft  boundaries  of  the 
univcrfe. 

Wherever  the  fources  of  this  fund  may  be,  or 
however  copious  the  fupplics,  they  cannot  anfwer 
all  the  demands  maJe  upon  them  by  the  conftant 
collifion  and  other  fources  of  decay.  Every  time 
you  clap  your  hands  together,  you  take  fomething 
J'rom  the  ftock  ot  motion  which  is  to  carry  on  the 

operations 

•  See  Jones's  EfTay  on  the  FIrft  Principles  of  Philofophy. 
■  Phyfiological  DifquiIitions>  p.  27  &  64* 

Tucker's  Light  of  Nature. 
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itians  of  nature  j  but  the  collifion  occafioned 
}y  human  actions  are  very  trifles  in  comparifon 
liith  that  great  quantity  of  force  which  is  (pent  in 
the  workings  of  nature.  The  bearing  01  fivers 
againfl  their  winding  banks;  the  dafliing  of  feas 
agaiaft  the  ftiore?  the  oppolition  of  winds  one 
againft  another,  or  from  mountains  ;  the  fyftole,  or 

Qtratftion  of  circulating  veflels  in  plants  and  ani- 

but  above  all,  the  gravitatiort  of  bodies  to 

and  funs;  the  cohcfion  of  compounds;  the 

^  jfuion  of  centripetal  and  centrifugal  forces; 

[  iBc  various  repulfions*  &c,  w  hich  muft  all  occafion 

*  every  moment  an  immenfe  confumption  of  force, 

and  require  things  to  be  fo  conftrudcd^  that  there 

may  be  continual  recruits  to  fupply  the  perpetual 

Hjninutiofi. 

H  We  have  no  knowledge  of  fubrtances,  or  of 
H  being,  or  of  any  thing,  abJftradtcd  from  the  ac* 
^m  of  that  thing  or  being* 

Ail  our  knowledge  of  things  confifts  in  the 
perception  of  the  pow  er,  or  force>  or  manner  of 
afting  of  that  thing  ;  that  is,  of  the  adlion  of  that 

eg  on  our  fenfcs,  or  of  the  effedls  of  that  thing 
bme  other  thirlg,  w  hofe  adtion  affcdls  or  is  the 
ft  of  our  fenfes,  and  in  the  perception  of  the 
Btions  or  ratios  of  thefc  anions  to  each  other  : 
if  they  produce  no  alteration  on  ihe  fcnfes,  if 
change  is  perceived  by  the  mind  through  the 
Bum  of  the  fcnfes,  we  can  have  no  evidence  of 
cxiftencc  ;  every  effeft  mufl:  be  produced  by 
caufe  or  aiftion. 

Everj'  thing  that  you  know  is  an  agefit,  or  has 
h  power  of  a*5ting,  for  you  know  nothing  of  any 
npgbut  it's  adion,  and  the  effeds  of  that  adlon; 
Hniomcnt  it  ceafes  to  ad  it  is  annihilated  as 
^'ou,  you  can  form  no  notion  of  it's  exiftcnce. 
Whatfocvcr  produces  any  cfted  or  aitcu-ation 
Tat.  IIL  R  ^a 


itance  arc  no  otncr  man  cne  ainerent  aaio 
a;5lion  of  that  thing* 

For  every  property  muft  be  occaiiom 
fome  caiifc,  and  you  can  have  no  conception 
caufc  without  adtion.  The  power  of  doings 
thing  feems  to  be  the  firft  idea  that  rifcs  whei 
contemplate  real  beings ;  it  is  that  which  d 
guifhcs  them  from  beings  merely  poflib 
ideal. 

The  more  you  confider  the  fubjccl,  the 
you  w  ill  find  it  neccflary  to  admit  of  sui  s 
agency ;  for  the  eftcds  perceived  cannot  poffit 
the  mere  effedls  of  compofition ;  for  €ompOj 
however  exalted  or  refined,  is  onfy  the  unio! 
Go-arrangement  of  parts  which  before  were 
rated,  from  which  arifes  a  certain  order  and 
tion  more  or  lefs  perfeS,  according  to  the  qi 
and  adjuftment  of  fuch  conftituent  and  intc 
elements. 

But  if  fuch  elements  be  themfetvcs  void 
energy,  what  can  mere  arrangement  generac< 
various  pailive  relations  and  analogies  r  If  in 
dually  they  pofTcfs  neither  the  power  of  afti^ 
rc-action,  of  attradlion  or  repulfion,  will  the 
artificial  tranfpofition  or  co-ordination  produ 
the  compofitc  cither  energy,  or  motion,  or  i 
ance  of  any  kind?  To  fuppofc  it,  is  a  ma 
abfurdity  ;  it  is  to  fuppofc  real  snergy  can  be  j 
ratqd  out  of  nothings  or  out  of  no  antecedent 
jcd  ;  it  is  to  fuppofc  a  realizing  of  non-entiJ 
evocation  of  foincthing  out  of  nothing. 

When  oMt  of  a  block  of  marble  the 

fal 
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6/hions  a  ftatue  of  Venus,  he  adds  nothing  ////<f^- 
nally  to  the  marble ;  or  when  from  the  fufe  J 
mixture  of  falts  and  fand,  the  moft  beauteous  forms 
ire  called  forth,  is  any  thing  more  effeded  than  a 
lew  difpofition  of  parts  which  before  exifted  in 
nother  difpofition  ?  But  in  educing  adlive  com- 
K)(ite  from  inactive  elements,  not  only  a  new  po- 
ition  takes  place,  but  a  real  adlive  quality  is  fu- 
cradded,  which  did  not  pre-cxift  in  the  feparatc; 
lements.* 

Here,  however,  it  is  neceflary  for  me  to  cn- 
3rce  upon  you  one  confideration,  that  matter  acSts 
pen  matter  not  by  an  eje?itial  but  a  mechanical 
ower,  that  is,  by  it's  motion  j  for  in  the  natural 
5  in  the  moral  world  there  is  no  poz^-er  but  of 
rod. 

Motion  is  never  to  be  confidered  as  a  thing 
y  itfclf,  but  as  an  effe^,  which  like  all  other  etFcfts 
luft  be  referred  to  their  proper  caufes  \  for  the 
arts  of  the  world  have  motion  not  of  themfclves, 
ut  as  the  limbs  have  by  means  of  their  connexion 
ith  the  body  to  which  they  belong. 

The  parts  of  every /v//^w  have  fome  genera/ 
cfcrcnce  or  connexion  with  one  finglc  point  or 
art,  by  which  they  become  a  kind  of  unity  or 
ne  fyftem.  In  the  animal  fuch  connexion  is 
eld  by  means  of  the  nerves,  or  nervous  fluid,  or 
•oth,  fo  that  all  parts  of  the  fyftem  have  dommu- 
ication  with  the  center.  Whatever  new  part  is 
3  added  as  to  be  united  to  the  common  reference, 
^comcs  part  of  the  fatne  fyftem.  Whenever 
ny  part  is  fo  removed  as  to  have  no  further  refc- 
•ncc  to,  or  communication  with  the  common  ccn- 
:r,  it  is  no  longer  a  part  of  that  fyftem. 

It  is  abfurd  therefore,  in  accounting  for  the 
hcnomena  of  nature,  to  conlidcr  the  motion  of 

R  2  any 

*  Berringcon's  ImmaUrialifin  delineated. 
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N  Permanent  Motions  in  Nature.  Extracted 
KROM  THE  Rev.  Mr.  Wm.  Jonrs's  Physioio* 

CICAL  DlSQiJlSlTIONS. 

"  The  abfurdity  of  the  foregoing  principle  of 
Defcartes  will  appear  more  fully  by  transfemngit 
to  a  parallel  cafe.  Thus  life  is  an  effcA  as  truly  at 
motion ;  and  as  no  body  can  continue  to  live  witlu 
out  the  conftant  operation  of  thofe  caufes  which 
are  ading  for  the  fupport  of  life^  fo  no  inanimate 
body  can  continue  to  move  without  the  propor 
caufes  of  motion.  When  you  are  told  that  bodies 
arc  indifferent  to  reft  or  motion^  you  learn  no  morD 
than  if  you  were  told  in  other  words  that  they  are 
indifferent  to  life  or  death  ;  and  if  you  went  cm 
from  this  principle,  to  afTcrr  that  a  body  once 
moved  would  move  always,  unlefs  there  werefbmc- 
thing  to  flop  it,  you  would  be  as  much  mifbd^en 
as  if  you  (hould  aflirm,  that  the  body  which  lives 
once  will  therefore  neceffarily  live  on  till  fooie- 
thing  interpofcs  to  kill  it. 

"  In  accounting  for  the  nature  of  human  life, 
he  would  be  thought  to  allign  a  very  mean  rcafon^ 
that  fliould  urge  a  man  lived  to-day  only  becaufe 
he  lived  yeftcrday  ;  for  there  are  certain  phyfical 
principles  on  which  the  animal  life  is  prefervcd, 
and  without  which  it  cannot  poflibly  fubfift." 

In  the  fame  manner  a  body  continues  toinovc 
only  fo  long  as  the  natural  caufes  of  motion  con- 
tinue to  act  upon  it,  and  reft,  which  is  mechonical 
death,  mull  inevitably  follow.  Abfolute  reft  is 
abfoliite  death,  the  privation  of  all  power,  all  fa- 
culty, all  inflrumcntalitv;  it  can  fuffer  agency^but 
excrcifc  none  ;  it  can  fill  up  no  place  in  a  chain  of 
being,  becaufe  incapable  of  any  agency  even  in  the 
lowcft  d(*grce  fubordinate. 

Matter 
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iAion  to  fuppofe  an  equal  difpofition  to  either  to 
PC  inherent  in  anybody.  Motion  is  pofitive,  im- 
rtying  power  or  force  wherever  it  afts ;  reft  is  a 
Bcre  negative,  in  which  body  exerts  no  powers  ; 
it  weighs,  adls,  or  prclTes  neither  backward  nor 
forwarcl,  upjiordow.n;  it  produces  no  effedl,  and 
is  in  the  cxcfcifc  of  no  power.  Notwithftanding 
this  contrariety  between  reft  and  motion,  yet  are 
Sicy  confounded  together  in  this  law  of  Def- 
::artes. 

Natural  power  may  be  properly  defined  to  be 
Bciatter  adiially  moving,  or  exerting  a  niius  to  mo- 
tion like  a  fulpended  weight ;  but  there  can  be  no 
!X)wer  where  there  is  no  tendency  to  action ;  the 
imc  body  cannot  therefore  at  the  fame  time  be 
JidifTerent  to  the  exerting  of  adual  power,  and  to 
:hc  exerting  none  at  all. 

All  natural  life,  whether  animal,  mineral,  cr 
regetable,  or  whatever  charadlerizes  matter  to  our 
enfcs^  depends  upon  motion,  adlivity,  and  power 
n  matter,  not  on  the  inherent  properties  thereof; 
notion  is  therefore  to  be  confrJercd  not  as  a  na- 
ural  condition  of  matter,  but  fomething  fuper- 
dded  thereto,  and  conftantly  fupportcd  to  conft^^ 
ute  life,  variety,  and  mutability. 

Indeed  fo  c]ear  is  this  opinion,  that  we  find 
ivcnDr.  Clarke  aflert,  "  that  all  the  great  motions 
n  the  world  are  caufed  by  fome  immaterial  power 
)crpetually  and  actually  exerting  itfclf  every  mo- 
ncnt  in  every  part  of  the  world  ;  and  further,  that 
he  very  laws  of  motion  cannot  continue  but  by 
bmcthing  fuperior  to  matter  continually  exerting 
in  it  a  certain  force  or  power  according  to  fucrj  ^ 
icterminate  laws.'* 


H  3  4  )Nr 
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moving  in  any  direftion,  you  may  affirm  that  there 
is  a  caufc  adling  upon  it  in  the  fame  dire&ioni 
thus  if  light  bodies  move  outward  from  an  eledrifi- 
cd  body,  we  conclude  that  they  are  driven  by  a  cur- 
rent of  elcftrified  aether,  proceeding  in  right  lina 
from  the  body.  When  you  fee  the  like  bodio 
moving  inwards  towards  the  fphere,  you  muft 
(pither  conclude,  as  you  did  before,  that  there  is 
another  flux  of  matter  in  a  contrary  diredtion  to 
the  former,  or  give  up  one  of  the  plaineft  princi- 
ples in  plillofophy,  that  motion  is  in  the  direfiion 
of  it's  caufe.  Bodies  moving  in  contrary  direc-' 
tions  mufl  therefore  infer  caufes  adiing  in  con* 
trary  directions. 

"  As  all  motion  is  in  the  dircftion  of  it's 
caufc,  there  car  be  no  fuch  thing  as  ^  power  of  at'^ 
traHiou ;  all  appearances  from  whence  fi:ch  a 
pow^r  is  inferred  inuft  neceflarily  be  refolvedinto 
impulfe.  If  the  earth  attrads  a  ftone  by  a  power 
in  the  earth,  ihe  p<^ -.cr  exerts  itfclf  in  a  diredlion 
contrnry  to  tJ-at  of  the  elTeft,  and  can  therefore 
never  happen  confiftcntly  with  the  laws  of  mccha- 
ni/m. 

"  Tn  the  motion  of  different  bodies,  it  isob- 
fcrvaL>ie  that  feme  retain  the  motion  they  have 
acquired  witliout  any  diminution,  while  others  are 
foor  redi'.'  ^  d  to  a  Ihiie  of  reft. 

^'  V  iicn  a  I  .'.Iv  mointains  it's  motion  without 
diminntic^n,  it  is  moved  by  fuch  a  caufe  or  caufci 
^s  would  rcncv  it's  motion  if  by  any  means  it  came 
to  be  iiopped.  If  you  flop  the  motion  of  the 
lungs  by  an  ( i;brt  of  the  nuifcles,  the  natural  caufes 
which  act  ii|'on  the  oody  tend  to  renew  their  mo- 
tion, and  cannot  be  ealily  hindered  from  effedting 
their  purpofc. 

^'  Kvery  lafting  motion  is  of  fuch  a  nature 
rliat  it  will  be  renewed  uix)u  it's  own  principlci. 

if 
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If  it  were  ix)flib!e  to  ftop  the  planet  Jupiter  in  his 
orbit,  or  any  of  his  fattllites,  the  eftablilhed  caufcs 
hat  afl  upon  them  would  renew  their  motion 
rithout  any  artificial  itnpulfe;  for  impulfion,  in 
the  fcnfc  it  i*  commonly  received,  has  no  more 
1  any  undcciiying  motion,  than  in  the  cir- 
i  of  the  blood  in  an  animal,  or  thefap  in  a 
^qg^ble.  The  hciivens  ar^  therefore  moved  by 
lich  caufes  as  would  renew  their  progrefs  if  it 
rerc  pofllble  for  them  to  be  (lopped,  otherwife 
Iscir  motion  is  not  maintained  upon  phyfical  prin- 
Eiples.  This  is  not  m  ant  as  an  objedion  to  the 
fchemes  of  motion  deduced  from  the  properties  of 
curve  lines,  becaufe  geometrical  without  phyfical 
In^vidence  will  prove  nothing  on  this  fubjedt.  Mo- 
^■ion  is  to  be  confidered  as  a  fact  wherever  you  tind 
^Bt,  and  mull  be  derived  from  principles  agreeable 
H^o  the  general  order  of  nature. 
!  "  Nothing  can  aft  where  it  is  not,  and  thcre^ 

fore  nothing  can  communicate  it*s  adion  to  any 
pother  thing  which  is  at  a  diftance  from  rt,  but  by 
^phe  intervention  or  communication  of  fome  middle 
thing  or  medium  which  extends  from  the  one 
thing  to  the  other.  We  perceive  that  the  fua 
communicates  fome  kind  of  aClion  to  all  the  pla- 
nets, by  which  they  circulate  round  it,  and  by 
which  they  are  retained  in  their  orbits,  or  gravitate 
towards  it;  fo  likewife  we  obfcrve  that  the  earth 
communicates  adion  to  bodies  at  a  diftance  from 
it,  by  which  they  gravitate  towards  the  earth: 
there  muft  therefore  be  fome  medium,  feme  mid^ 
die  thing,  by  which  the  fun  and  the  earth  commu- 
nicate adion  to  other  things  at  a  ditlance  from 
chcm, 

*'  That  two  diftant  bodies  both  fuppofed  at 
'  (hould  be  able  to  acT:upon  one  another  without 
afliftancc  of  any  third  fubft^nce,  is  to  invcft 

matter 
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matter  ivith  a  power  of  b^inning  motion  itfelfi 
ift'hich  is  making  motion  e&ntial  to  matter^  and 
on  this  the  materialifl  builds  his  fyftem ;  it  is  a  no** 
tion  which  the  French  foi-difant  philofophers  have 
turned  to  the  purpofcs  of  athcifm.  Nor  need  you 
have  recourfc  to  fuch  a  principle^  for  every  thing 
proves  to  you  that  there  is  aftive*  matter  prcfcnt 
where  it  is  neither  fecn  nor  felt,  as  fire,  air, 
elafticity,  &c.  and  all  the  phenomena  that  fuN 
round  you  evince  the  continuity  of  material 
agency. 

"  All  the  experiments  made  upon  the  elementSi 
which  are  the  moll  ufeful  experiments  for  advan- 
cing phyfical  knowledge,  tend  to  Ihew  how  matter 
intcrpofcs  to  produce  fuch  changes  and  motions  as 
wc  obferve  in  bodies  diftant  from  each  other.  How 
(does  the  fun  acl  upon  the  fruits  of  the  earth,  but 
by  the  mediation  of  it's  light  ?  How  do  the  clouds 
Mater  the  earth,  but  by  the  mediation  of  air? 
How  docs  the  chcmift  produce  fo  many  changes, 
but  by  the  mediation  of  fire?  In  ftiort,  wherever 
diftant  bodies  alfcd:  each  other,  there  is  always 
forr.cthing  to  mediate,  whether  it  is  or  is  not  vili- 
blc;  and  when  this  mcdijition  can  be  traced  no 
further,  natural  philofophy  terminates.  Aniufe 
not  therefore  yourfclvcs  with  names  and  qua- 
lities which  contrauict  the  known  laws  of  mc- 
chanifm,  and  fupcrfede  the  operation  of  the  ele- 
ments. 

*'  In  order  to  account  for  the  lafting  motion  of 
the  heavenly  bodies,  it  is  moft  agreeable  to  ana- 
logy, rcafon,  and  obfcrvation,  to  admit  a  gencraj 
principle  ot"  circulation  in  all  fluid  matter,  which 
circulation  certainly  prevails  in  fuch  parts  of  na- 

tare 


•  Nof  aftivc  by  it'.-,  own  na:urf-  but  according  to  the  mc- 
clianilm  of  ihe  woiM, 
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ure  as  are  more  immediately  fubjefted  to  exami-* 
lation^  and  may  with  propriety  be  expended  to  the 
iin  itfelf,  and  the  elementary  matter  in  the  celef- 
iai  fpaces. 

"  It  has  been  a  queftion  in  philofophy,  whe- 
her  bodies  can  move  in  a  fpace  which  is  filled  with 
natter  commonly  called  a  plenum  ?  But  thisquef- 
ion  cannot  be  anfwered  without  firft  confidering 
he  condition  of  the  matter,  and  ftating  the  cir- 
:um(lances  of  the  moving  body. 

'•  If  the  matter  fo  filling  any  fpacc  is  in  a  fluid 
rondition,  fo  that  the  parts  can  Aide  freely  over 
>ne  another>they  will  be  able  to  move  in  different 
)r  even  contrary  directions  at  the  fame  time ;  and 
mrhile  the  place  of  the  whole  mafs  continues  the 
fame,  the  place  of  the  parts  which  compofe  it  may 
change  every  moment. 

*'  The  fulnefs  of  the  fpace  is  therefore  noob* 
jeAion  to  a  free  motion  of  the  parts  of  fluids  among 
themfelve.s  neither  is  it  an  objecflion  to  the  motion 
of  any  folid  body  in  luch  a  fluid  medium. 

"  If  a  veflel  be  filled  with  water  and  clofely 
ftopped,  any  folid  body  that  floats  therein  will 
move  freely  from  one  fide  to  the  other,  or  from 
the  top  to  the  bottom,  becauit*  the  parts  of  a  fluid 
which  arc  difplaced  before  fall  into  the  fpace  be- 
hind as  the  body  leaves  it ;  fo  faft  as  the  body  pro- 
ceeds, jufl:  fo  fafl:  do  the  parts  of  the  fluid  recede, 
without  finding  impediment  or  vacuity.  Again, 
there  may  be  fulnefs  of  matter  and  yet  there  may 
be  motion,  provided  there  is  a  circulation  among 
the  parts  of  the  medium. 

"  It  is  eafy  to  forcfee  what  will  happen  to  any 
folid  body  moving  in  a  fluid  medium,  by  attending 
to  the  circumftances.  When  the  body  is  moved 
by  any  artificial  force  or  effort  of  violence,  con- 
trary to  the   nature  of  the  medium  in  which  it 

moves. 
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itiovcs,  the  parts  of  the  incdium  in  recovering  their 
natural  ftate  will  rcfift  the  motion  of  the  body  till 
the  equilibrium    is  reftored^  and  chc  body  h  at  ^ 
fcrt.  ■ 

"  But  if  the  motion  of  the  body  arifes  from  " 
the  motion  of  the  medium,  then  the  rclifling  na- 
t*ire  of  the  medium  is  no  longer  any  objeflion  ta 
the  motion  of  the  bocjy  ;  for  it  is  abfurd  to  ima- 
gine, that  rhecaufe  of  motion  can  re(ift  the  motion 
which  it  caufes. 

**No  inferences  from  rherefiftanre  of  mediums 
can  lead  us  to  the  necciTity  of  a  vacuum.     A  va* 
cuum  can  only  be  wanted  when  a  motion  is  pro** 
pofcd  which  is  independent  of  the  atflion  of  every 
medmm;  but  there  is  nofuch  motion  in  nature  |  j 
<xn  the  contrary,  -wt  every  where  find  examples  offl 
an  unrefifted  motion,  from  impelling  fluids  in  re-™ 
filling  medium^/* 

**  At  the  extremities  of  the  fteel  rod  are  two 
fimall  lamps,  over  the  lamps  arc  two  vanes  of  brafs 
placed  with  contrary  afpcifts,  and  inclined  at  aji     « 
angle  of  about  45* ;  the  rod  is  fufpcnded   on  ?fl 
point,  (o  that  the  whole  will  turn  freely.     As  foon^ 
as  the  lamps  are  lighted,  the  machine  you  fee  begins 
to  turn  freely  upon  it*s  center;  it  now  makes  fe* 
veral  revolutions  in  a  minute,  and  will  continue 
thus  to  mov^  fo  long  as  the  lights  continue  burn- 
ing; and  fuppofing  the  lights  to  have  a  continual 
Aipply,  the  confequence  would  be  a  perpetual  mo- 
tijonin  the  machine, 

**  Air  is  a  rcfifting  medium;  yet  inftead  of  re- 
tarding the  motion  of  the  machine  by  it's  refiftance, 
it  prifervcs  that  motion  by  it*s  impulfe ;  and 
though  the  motion  difcontinues  at  laft,  it  is  not: 
owing  to  any  dcfeift  or  irregularity  in  the  cok/f, 
but  by  the  imperfciftion  of  the  materials;  if  theffl 
u^oald  but  continue  in  the  fame  ftaxe,  the  morioi 

woul 


i 
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ould  be  unrctarded  Co  long  as  air  and  fire,  which 
re  the  caufes  of  it,  fubfift  in  the  world.  Th* 
caufcs  of  motion  are  not  artificial,  but  fuch 
as  are  fupportcd  by  nature  itfelf  in  it's  regular 
mode  of  ading ;  thcfe  begin  and  continue  the 
motion. 

*'  Thus  you  fee  if  a  fluid  aft  as  an  impelling 
ufc  to  a  moving  body,  it's  rcfiftance  with  refpettt 
to  the  fame  body  becomes  of  no  account ;  it  is  in 
a  manner  annihilated  m  ithout  removing  a  fingle 
particle  of  matter.  The  like  is  true  of  all  floating 
bodies;  when  the  motion  of  the  fluid  confpires 
with  the  motion  of  the  body,  the  body  moves  with 
the  velocity  of  the  fluid,  and  lofcs  nothing  by  com- 
munication. In  fluids  which  have  a  motion  of 
^iheir  own,  bodies  under  proper  circumftances  will 
^■lot  lofe  motion,  but  acquire  it.  If  the  matter  of 
^Bhe  heavens  has  a  motion  of  it*s  own,  the  planets 
l^^rill  thence  derive  their  revolutions,  inftead  of 
being  retarded  thereby. 

'*  In  all  thcfe  experiments,  where  there  can  be 

o  reafonable  doubt  about  the  explanation,  matter 

sfouad  to  aft  upon  other  matter  for  producing  the 

~    t ;  and  we  are  able  to  trace  this  in  fuch  a  va- 

y  of  inftances,  that  unlcfs  the  world  is  governed 

ly  oppofitc  and  contradiftory  principles,  the  fame 

mlc  murt  obtain  throughouL  the  whole, 

•*  The  body  of  man,  which  is  the  highcft  piece 

of  machinery  in  nature,  is  made  to  /ct,  htar^  and 

^peak^   upon    mechanical    principles ;   and  it  dies 

ithout  the  contlant  imprcHion  of  a  material  force 

|x>n  it  from  the  element  oi  air.     By  the  prefliirc 

f  thcatniofphere,  the  mercury  is  made  to  rife  in 

he  tube  of  a  barometer;  hull,  fnow,  and  vapours 

re  formed  therein  by  it's  dift'erent  temperatures ; 

arc  furtained  by  and  driven  about  in  it ; 

^row  and  are  nouriihed  by  it;  and  for  thofc 

cflfcfts^ 
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TcQs  the  well-meaning  ignorance  of  thofe  modem 
philofophersj  who  would  confute  atheifm  by  Ica?- 
uig  out  fecond  caufes;  and  at  the  fame  time 
leaves  us  in  pofleflion  of  that  ancient  and  valuable 
dodrine,  that  fome  of  the  elements  2it  appoiotei 
to  fule  over  and  govern  the  reft/* 
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LECTURE    XXXt 
Op  the  Mechanical  Powers; 


rHE  knowledge  of  mechanics  h  one  of  thoft 
things  that  contribute  to  diftinguifh  civilized 
itions  from  barbarians.  From  it  the  works  of  art 
Tive  much  of  their  beauty  and  valiie;  without  it 
2  can  make  very  little  progrefs  in  the  knowledge 
the  works  of  nature.  By  this  fciertce  we  arc 
labled  to  improve  every  power  and  force  in  na- 
re,  and  render  the  motions  of  the  elements  water^ 
r,  and  fire,  fubfervient  to  the  purpofes  of  life. 

A  weight  greater  than  the  natural  ffrerigth  of 
an  could  manage,  without  fome  mechanical  cdn- 
ivance,  could  never  be  lifted  from  tht  eairth:  he 
obliged,  therefore,  to  feek  afliftance,  and  call  iii 
her  forces,  to  make  fuch  alterations  as  his  plea- 
res  or  neceflities  may  require.  By  means  of 
/ers  he  lifts  weights  much  greater  than  his 
ength  could  overcome ;  with  the  wheel  and  axle. 
Hies,  &c.  he  lifts  them  to  confiderable  heights, 
d  produces  fuch  effccTis,  as  would,  to  an  unex-  ^ 
rienccd  favage,  appear  the  work  of  enchant-  *jf*v 
Jnt. 

Nor  were  the  ancients  without  at  great  know-  ' 

Ige  in  this  art  of  increafing  ftrength  by  ma- 
inery.  The  (tones  which  are  laid  upon  the  tops^ 
the  pyramids  of  Egypt,  each  of  which  is  as  big 
a  fmall  houfe,  create  even  the  wonder  of  a  njo- 
rn  mechanic,  and  teach  him  to  reverence  the' 
pcrior  arts  of  antiquity. 

VoL.IIL  S'  Pra&icti 
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PraBical  mechanics  will  fhew  you  how  to  j 
employ  a  given  force,  fo  as  to  i>roduce  a  propolcd 
effedt  by  the  aid  of  fome  machine  or  ensine.    It  j 
alfo  fhews  how  to  modify  by  machines  the  adioa  ] 
of  a  given  power,  or  the  quantity  of  a  known 
efFcd:. 

Three  things  are  therefore  always  confidercd 
in  treating  of  the  mechanical  engines;  a  weight  to 
be  raifed,  the  power  by  which  it  is  to  be  raifedi  and 
the  injirument,  or  engine,  by  which  it  is  to  be  cfc 
fcfted.  j 

Mechanics  may  be  confequently  reduced  to  i 
two  problems :  i .  To  determine  the  proportion  i 
which  the  power  and  weight  ought  to  have  to  each  j 
other,  that  they  may  juft  fuuain  each  other  in  \ 
equilibrio.  2.  To  determine  what  ought  to  be  the  ] 
proportion  of  the  power  and  weight  to  each  orhcr  ; 
in  a  given  engine,  that  it  may  produce  the  grcatcft  | 
effedt  in  a  given  time. 

Machines,  or  engines,  may  be  confidered  at  j 
difFerent  means  employed  to  facilitate  theadionpf  ; 
a  power  againft  a  refilting  obftacle.  i 

The  number  and  nature   of  mechanical  en-    i 
gines,  vary  according  to  the  objcd  for  which  they 
are  defigncd ;  but,  however  varied  or  multiplied,    j 
you  will  find  them  to  be  only  a  combination  of  a   ] 
Imall  number  of  fimple  machines,  commonly  called 
vicckhiniral  po'ccers. 

I  Ihall  conlider  fix  fimple  machines;  the  lever, 
the  pulley y  the  'uoheel  and  axis^  the  inclined  plant, 
the  *wedgc^  and  t\icfcreiv. 

Thefe  are  all  calculated  to  communicate  mo- 
tion to  bodies,  and  fuftain  a  preflure,  for  which  the 
power,  unalfifled  by  them,  is  incompetent;  and 
the  artifite  in  all^confifts  in  diftributing  the  weight 
among  fuch  a*  number  of  agents,  that  the  part  fuf- 
tained  by  the  power  may  bear  a  fmall  ratio  to  the 
whole. 

Thus, 


j: 
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Thus,  a  power  incapable  of  communicating 
notion  to,  or  fupporting  the  prefTure  of  a  body^ 
nthout  mechanical  affiltance,  may  effedl  it's  pur- 
ofc  by  tranfcrring  a  part  of  the  weight  upon  the 
jpport,  or  fulcrum,  diitributing  it  among  a  num- 
cr  of  pullicsj  or  placing  it  upon  an  inclined  plane, 
rfcrew* 

PostulatA. 

The  following  poftulata  are  neceflary  for  the  • 
lathematical    conlideration   of   the    mechanical 
3wers. 

1.  That  a  fmall  portion  of  the  earth's  furfacc 
lay  be  confidered  as  a  plane. 

2.  That  heavy  'bodies  dcfcend  in  lines  that 
e  parallel  to  each  other :  for  though  all  bodies 
ind  to  the  center  of  the  earth,  yet  the  diftance 
om  which  they  fall  is  fo  fmall,  when  compared  to 
leir  diftance  from  the  center  of  the  earth,  that 
leir  inclination  is  inconfiderable. 

3.  That  the  effort  of  any  given  power,  or  weight, 
the  fame  in  all  points  of  it's  dired:ion;  or  if  a 
)dy  be  adted  on  by  any  power  in  a  given  direc- 
)n,  the  action  will  be  the  fame,  in  whatever  part 

chat  direclion  it  be  applied. 

4.  That  though  all  matter  be  rough,  all  ma- 
lines  imperfed,  &c.  yet,  in  order  to  make  calcu- 
ions  more  eafy  and  elegant,  and  to  render  theory 
)re  perfect,  we  fuppofe  all  planes  perfecflly  even, 

bodies  quite  fmooth,  all  lines  ftrait  and  in- 
cible,  without  weight,  and  without  thicknefs, 
cords  to  be  extremely  pliable,  and  all  machines 
:hout  fridion. 

Thcfe  fuppofitions  go  no  further  than  to  Ihew, 

t  the  reafonings  are  concerning  perfed  inftru- 

nts;  but  as  there  are  none  really  fo,  the  dif- 

:ncc  between  theory  and  praftice  is  to  be  after- 

S  2  wards 
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wards  inveftigated,  and,  when  difcovered^  allowed 
for.  • 

5.  The  effort  of  the  power,  and  of  the  weight, 
is  equal  in  all  points  of  their  direQions;  i.  e^  if  you 
purii  or  draw  any  body  with  a  ftick  (fuppofed  in- 
flexible, and  without  gravity),  this  body  is  pufhcd 
or  drawn  with  the  fame  force,  whether  the  ftick  be 
long  or  fliort.  Or  if  a  weight  be  fufpended  by  a 
long  or  Ihort  ftring,  it  will  neither  weigh  more  or 
lefs,  the  weight  of  the  ftring  excepted;  for  thou^ 
gravity  varies  according  to  the  different  diftances 
of  a  body  from  trie  earth,  this  variation  is  totally 
infenfible  in  the  length  of  a  cord  by  which  a  weight 
is  fufpended  from  a  machine. 

Here  it  may  be  proper  to  recall  to  your 
mind  what  I  have  before  fticwed  you,  that  the  aw- 
mentum  of  any  power  or  weight,  is  that  force  where- 
with it  either  moves,  or  endeavours  to  move;  and 
that  it  is  always  proportional  to  the  produfi 
arifing  by  multiplying  the  power  or  weight  into 
the  velocity  wherewith  it  moves,  or  would  move, 
if  it  were  not  hindered  by  fome  oppofite  power  or 
weight.  If  the  produd:  arifing  from  the  multi- 
plication of  one  weight  or  power  into  it*s  velo- 
city, be  equal  to  the  produdl  arifing  from  the  like 
multiplication  of  any  other  weight  or  power  into 
it's  velocity,  thr  ynofmnta  of  thofe  two  pozvers  or 
iveights  mujl  he  equal.  And  this  will  always  happen 
when  the  weights  or  powers  are  to  each  other  re- 
ciprocally as  their  velocities. 

Hence  two  weights  or  powers  will  ballance, 
when  the  one  exceeds  the  other  in  weight,  as  much 
as  it  furpafles  the  other  in  velocity;  and  herein  con- 
fills  the  ibrce  and  cfikacy  of  mechanical  engines; 
for  they  are  fo  contrived,  as  to  diminifti  the  velo- 
xity  of  one  weight  or  power,  and  to  increafe  that 
ot  the  other ;  by  w  hich  means  a  very  fmall  weight 
or  power  may  ballance  a  very  large  one. 

In 
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In  generalj  therefore,  there  is  always  an  cqui- 
librium^  when  the  fum  of  any  number  of  adling 
powers  is  equal,  and  di redly  oppofed  to  any  one 
power,  or  to  the  fum  of  the  forces  of  any  number  of 
powers ;  and  reciprocally,  if  there  be  an  equili- 
brium among  the  adling  powers,  the  fum  of  the 
ading  powers  on  one  fide,  are  equal  to  the  fum  of 
the  powers  adling  on  the  oppoiite  fide. 

EfFecb  arc  always  in  proportion  to  their  ade- 
quate caufe ;  or  the  change  of  motion,  in  any 
body,  is  always  in  proportion  to  the  force  which 
produced  it,  and  in  the  direction  wherein  that 
force  adts:  for  inftance,  if  a  certain  force  afFecls  a 
certain  motion,  double  that  force  will  occaiion 
double  that  motion. 

It  follows,  from  this  axiom,  that  if  an  efFcft 
depends  on  feveral  heterogeneous  caufes,  or  if  fe- 
vcral  different  circumflances  concur  in  producing 
any  cfFeifl,  this  efFed  will  be  as  the  quotient  re- 
fulting  from  dividing  the  produft  of  the  circum- 
ftances  that  contribute  to  augment  the  cfFcQ,  by 
the  produdl  of  thofe  that  concur  to  diminifh  it.* 

Or,  in  other  words,  an  effedt  produced  by  fe- 
veral diflimilar  caufes,  is  in  a  ratio  compounded  of 
the  direct  ratio  of  the  quantities  which  muft  be  in- 
creafed  in  order  to  augment  the  cfFedl,  and  the 
inverfe  ratio  of  thofe  that  mufl  be  diminilhed  to 
increafe  the  effed. 

To  illuftrate  this  by  an  example,  fuppofe  a 
waggon  to  be  fent  to  any  particular  place ;  it  is 
clear  that  the  facility  of  conveying  it,  or  efFeft, 
depends  on  the  weight,  the  number  of  horfes  em- 
ployed, the  ftrength  of  the  horfes,  length  of  the 
^ay,  goodnefs  of  the  road,  and  time  to  be  em- 
ployed. 

Now  it  is   cafy  to  fee,  that   the  faci^liry  of 
S  3  moving 

*  De  la  Caille's  Jglements  de  Meohani(jue,  p.  5. 
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moving  the  waggon  vill  incrca'fci  in  propoctio 
^s  the  number  of  horfes^  their  ftren^h^  the  good 
nefs  of  the  roadj  and  the  time,  are  mcreafe^  an 
the  weight  of  the  load,  and  len^h  of  the  way,  4i 
jninifh. 

Six  things  are  to  be  confidered  in  mechviioii 
powers:  1.  The  power.  2.  The  refiifaince.  j 
The  fulcrum,  or  fupport.  4.  The  velocity  of  th 
power  and  refiftance,  5,  The  center  of  gravity, 
6,  The  line  of  diredion. 

Of  the  Lever^ 

The  lever  is  an  engine,  which,  when  treated 
mathematically,  is  confidered  as  an  inflexible  lioc^ 
void  of  all  gravity ;  though  in  pradtice  it  is  a  folid 
bar,  that  is  flexible  and  weighty. 

In  the  lever,  you  will  more  particularly  dirtd 
your  attention  to  three  circumftances:  j.  The  foU 
crum  or  prop  by  which  it  is  fupported,  or  axil 
about  which  it  turns.  2.  The  power  to  raifcand 
fupport  the  weight.  3.  The  refiftance  or  weight 
to  be  raifed  or  fuflained. 

The  axis  of  a  lever  is  the  point  about  which  it 
furns. 

The  points  of  fufpcnfion  are  thofe  points 
where  the  weights  really  arc,  or  from  which  they 
hang  freely. 

The  weights  are  always  fuppofed  to  ad  at 
right  angles  to  the  lever,  except  it  is  otherwifccx- 
prellcd. 

As  the  lever  is  generally  applied  to  lift  or 
fuftain  weights,  by  means  of  a  power,  and  fulcruiHj 
or  prop,  it  has  taken  ditt'erent  names,  from  a  dif- 
ference in  their  relative  fituations. 

It  is  called  a  lever  ot  the  Jirjl  kind,  when  th< 
fulcrum  is  between  the  power  and  the  weight. 

When  you  ftirthc  fifcwith  a  poker,  youmak< 

uf< 
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fc  of  this  lever.  The  poker  is  the  lever;  it  refts 
pon  one  of  the  bars  of  the  grate  as  a  fulcrum;  the 
icuQibent  fire  is  the  weight  to  be  overcome,  and 
le  hand  at  the  other  end  is  the  power. 

In  the  Jecond  kind  of  lever,  the  weight  is 
laced  between  the  fulcrum  and  the  power. 

Thus,  in  raifing  a  water-plug,  &c.  the  work- 
i»n  puts  his  iron  lever  through  the  hole  in  the 
iug,  till  he  reaches  the  ground  on  the  other  fide; 
nd  making  that  his  fulcrum,  lifts  the  plug  by  his 
Ircngth  applied  at  the  other  end  of  the  lever. 

In  the  third  kind  of  lever,  the  power  is  fitu- 
ted  between  the  weight  and  the  fulcrum.  The 
wo  above-mentioned  levers  aflift  the  ftrcngth,  but 
rith  the  third  kind  the  workman  ads  at  a  difad- 
antage;  as  in  raifing  a  piece  of  timber,  or  ladder, 
ip  on  one  end.  In  this  the  man's  ftrength,  or 
K)wer,  is  in  the  middle,  the  part  of  the  ladder  al- 
cady  raifed  is  the  weight,  and  the  end  upon  the 
ground  is  the  fulcrum. 

^here  will  be  an  equilibrium  on  a  ftrait  leixen 
fany  kind,  when  the  power  is  to  the  weight,  as  the 
■ijtance  0/  the  weight  from  the  fulcrum  is  to  the  dif- 
ance  of  the  power  from  the  fulcrum. 

For  it  is  evident,  that  there  is  always  an  eqiii- 
ibrium  between  equal  and  oppofite  forces;  but 
orces  arc  equal  when  the  velocities  of  the  weight 
re  inverfely  as  the  quantities  of  matter,  but  the 
liftances  of  the  weight  and  power  from  the  ful- 
rum  will  exprefs  their  velocities^  becaufe  thefe 
iftances  may  be  confidcred  as  the  radii  of  arcs 
hat  they  would  defcribe  in  the  fame  time,  and 
hefe  arcs  are  to  each  other  as  their  radii,  and  con- 
fluently  the  velocity  of  each  point  of  a  lever  will 
€as  the  diftance  of  it  from  the  center  of  motion, 
■hcrefore,  as  on  the  prefent  hypothefis  the  velo- 
ities  arc  inverfely  as  the  mgiffes,  and  the , forces 
S4  '     aft 
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a&  in  oppofite  direftions^  they  are  confequently  m 
cquilibrib. 

Or  the  propoiition  may  be  proved  chut:  if^ 
there  be  not  an  equilibriumj  let  one  of  the  vrtSi^At: 
preponderate.  The  preponderating  wdght  Im; 
therefore  more  momentum  than  the  other;  haf 
fmce^  by  the  hypothefis^  the  Weighu  arc  inviex^ 
as  the  arms  of  the  lever^  it  follows,  that  the  mio^ 
cities  of  the  weights  are  inverfely  as  their  (mttr 
tities  of  matter^  whence  the  moments  pf  bomaK 
equal;  but  they  were  proved  unequal.  Thucat^ 
tiadidory  conclufion  refults  from  denying  the  po- 
position  affirmed,  which  is  therefore  true. 

To  efiimate,  then,  the  advantage  of  a  power 
pver  a  reiiftance,  it  is  only  neceflary  to  detenniac. 
what  force  will  maintain  an  ecjuitibrium  betwccv 
them;  for  if  their  power  be  incrofed,  it  inH 
pvercome  and  raife  the  weight. 

From  hence,  then,  we  may  deduce, 

1.  That  a  power adls  more  efficacioufly  agaiflft 
a  weight,  in  proportion  as  the  power  is  more  ditr 
tant  from  the  fulcrum. 

2.  That  two  equal  mafles,  ading  in  oppofite 
.directions  on  the  fame  lever,  cannot  be  in  equili- 
brium but  when  they  are  equally  diftant  from  the 
fulcrum. 

3.  That  two  unequal-  weights  exert  equal 
forces,  when  the  diftance  of  thefmalt  weight  from 
the  fulcrum  exceeds  the  diftance  of  the  large 
weight  from  the  fame,  as  much  as  the  large  weight 
exceeds  the  fmall  one;  or,  in  other  words,  when 
the  diftances  from  this  fulcrum  are  reciprocally  as 
their  mafles. 

Thefe  propofitions  are  alfo  demonftrated  bf 
the  following  experiments. 

In  making  experiments  on  the  mechanic 
powers,  fome  difficulties  arife  frqm  the  weight  of 
*        '  '        '    ' '   the 
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niertals  ;  but  as  it  is  iinpofliblc  to  find  an)r 
arc  without  weight,  we  take  care  that  the 
s,  &c-  are  perfcdiy  ballanced  themfelves,  be- 
the  weights  and  powers  arc  applied,  as  they 
Id  otherwifc  alter  the  proportion  between  the 
cr  and  weight;  but  being  bal lanced,  the  effect 
Dt  influenced  by  the  weight  of  the  materials. 
The  bar,  therefore,  ufcd  in  making  the  expe- 
rts on  levers,  has  the  Ihort  end  fo  much  thicker 
i  the  longer  arm,  as  will  be  fufticient  to  bal- 
c  it  on  the  prop;  the  hooks  are  all  at  equal 
nces  from  each  other. 

Of  ibe  lever  of  ibe  jirji  kind.  Before  you  is  a 
r,  A  B  Cj  fig.  li  pL  2^  of  the  firft  kind,  turn- 
on  an  axis,  D,  which  is  the  fulcrum  that  fup- 
[s  it.  The  parts  A  B,  B  Q  on  different  fides  of 
propi  are  called  the  arms  of  the  lever.  The 
rtcr  arm  is  made  fo  thick  and  heavy,  as  juft  to 
lancc  the  longer  arm:  thus  the  lever  is  reduced 
:n  horizontal  pofuion ;  and  being  in  equilibrio 
itfclf,  may  be  confidered  as  without  weight, 
longer  arm  is  divided  into  fix  equal  parts: 
diftancc  of  the  hook  from  the  fulcrum  of  the 
rtcr  arm,  is  exaQly  equal  to  one  of  thefe  parts ; 
that  the  whole  lever  may  be  confidered  as  di-» 
:-d  into  fevcn  equal  parts. 

Now,  from  the  propofition  juft  explained  to 
I,  it  is  clear,  that  the  power  gained  by  this 
!r,  or  added  to  the  natural  ftrength  or  force  of 
agent,  is  incrcafed  in  proportion  as  the  one 
fi,  ai  B  C,  is  longer  than  the  other  A  B.  The 
ocities  of  the  different  parts  of  the  bar,  are  as 
J  diftances  of  thofc  parts  from  the  fulcrum. 

To  illuftrate  this  by  experiment,  fufpend  on 
t  longer  arm  a  weight  of  one  ounce,  at  the 
h  hook  from  the  fulcrum,  and  hang  a  weight 
iix  ounces  on  the  hook  of  the  fliorter  arm,  and 
r  weight  of  one  ounce  will  jull  ballance  and  fup- 

port 
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port  the  weight  of  fix  ounces.  The  weight  of 
one  ounce  may  be  called  the  power^  and  that  of 
fix  ounces  the  rcfiftance  or  weight.  The  refiftancc 
is  as  much  nearer  to  the  fulcrum,  as  the  power  ii 
lighter  than  the  rcfiftance.  A  man,  therefore,  who 
can  without  the  help  of  any  machine  fupport  one 
hundred  weight,  will  be  enabled  by  this  lever  to 
fupport  fix  hundred. 

As  in  this  lever,  the  fulcrum  may  be  placed 
exactly  at  an  equal  diftance  from  the  power  and 
weight,  or  nearer  to  the  one  than  the  other,  it  is 
clear,  that  the  power  and  weight  may  counter- 
ballance  each  other  when  they  are  equal,  or  when 
the  one  exceeds,  or  is  exceeded  by  the  other,  ac- 
cording to  the  different  fituations  of  the  fulcrum. 
Of  the  hammer  lever.  This  lever  differs  in 
nothing  but  it's  form  from  a  lever  of  the  firft  kind. 
It's  name  is  derived  from  it's  ufe,  that  of  drawii^ 
a  nail  out  of  wood  by  a  hammer. 

Suppofc  the  (haft  of  a  hammer  to  be  five  times 
as  long  as  the  iron  part  which  draws  the  nail,  the 
lower  part  refting  on  the  board  as  a  fulcrum;  then 
by  pulling  backwards  the  end  of  the  fliaft,  a  man 
will  draw  a  nail  with  one-fifth  part  of  the  power 
that  he  muft  ufe  to  pull  it  out  with  pincers;  in 
which  cafe  the  nail  would  move  as  fafl  as  his 
hand,  but  with  the  hammer  the  hand  moves  five 
times  as  much  as  the  nail,  by  the  time  that  the  nail 
is  drawn  out. 

To  confirm  this,  in  our  apparatus,  jig.  2,  />/.4, 
and /?V.  2,  /)/.  5,  we  have  a  lever  whofc  arms,  A  B, 
BC,  arc  at  right  angles  to  each  other.  The  heel 
nirns  on  a  pin,  B,  as  the  fixed  axis.  Hang  a  weight 
of  five  ounces  en  the  fhorter  arm,  then  hang  a 
weight  on  the  fifth  divifion  of  the  longer  arm,  by 
means  of  a  firing  going  over  the  pulley  in  the 
frame  oppofite  to  it,  and  thefc  weights  will  bal- 
lance each  other. 

It 
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It   may  be  proper  to  obfervc,    that  though 
weights  will  be  at  reft  when  they^arc  in  cquilibrio, 
yet  it  is  not  abfurd  to  reafon  concerning  their  ve- 
locity,   and    to  fay  that   they   arc  in  cquilibrio, 
becaufe  they  are  to  each  other  as  their  rcfpedlivc 
velocities:  for  here  we  do  not  mean  the  velocities 
with  which  the  power  and  weight  move,  that  in- 
deed might  be  abfurd,  as  neither  of  them  move  at 
all ;  but  we  mean  the  velocity  with  which  they 
mult  begin  to  move,  if  they  were  to  move.  When, 
therefore,  in  giving  a  reafon  for  an  equilibrium, 
we    (ay  that  the  power  and  weight  are  to  each 
other  as  their  refpcdlive  velocities  reciprocally,  we 
do  not  mean  the  velocity  with  which  the  power 
and  weight  move,  but  the  velocities  with  which 
they  muft  begin  to  move,  if  they  were  to  move. 
Thus,  if  the  center  of  motion  divide  a  lever  of  the 
firft  kind  in  the  proportion  of  one  to  fix,  a  power 
of  a  hundred  pounds,  applied  at  the  end  of  the 
long  arm  of  the  lever,  will  be  in  cquilibrio  with  a 
weight  of  fix  hundred  pounds,   fufpended  at  the 
end  of  the  (horter.     And  when  we   fay  that  the 
power  and  weight  are  to  each  other  as  their  refpec- 
tive    velocities   reciprocally,    we   mean   that    the 
weight  cannot  begin  to  move  without  making  the 
power  move  with  fix  times  it's  own  velocity;  fo 
that  the  weight  cannot   move  in   one  diredlion, 
unlefs  it  can  make  the  power  move  in  a  contrary 
diredion,  with  a  momentum  equal  to  it's  own; 
and  as  equal  forces,  adling  in  contrary  diredlions^ 
deftroy   each   other,   they   will   remaia  in   cqui- 
librio. 

Of  the  fecond  kind  of  lever.     In  this  kind  the 
'  weight  is  between  the  fulcrum  and  the  power. 

Thus  the  bar  ABC,  jig.  2,  pi.  3,  is  fupported 
on  the  ubic  t),  at  the  end  A.  The  weight  E  is 
)iung  any  where  upon  the  bar,  as  at  B;  and  the 

powcr^ 
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powcTj  or  hand^  is  at>plied  at  the  other  end^  C,  of 
the  bar»  to  lift  upT  that  end>  and  raife  the  weight. 

The  power  or  advantage  gained  by  this  Tcver« 
is  as  great  as  the  diftance  of  the  hand  from  the 
table  or  prop  D,  exceeds  the  diftance  of  the  weight 
from  it.  Thus^  if  the  power^  or  hand»  Q  be  fevea 
times  as  far  from  D  as  the  point  B^  on  which  the 
weight  E  is  hung,  a  p)ower  equal  to  one-feventh 
part  of  the  weight  will  fupport  it ;  fo  that  here,  a 
in  the  preceding  cafe,  the  f>ower  is  increafed  ia 
proportion  as  it's  diftance  from  the  (ulcrum  ex- 
ceeds the  diftance  of  the  weight  from  the  ful- 
crum. 

To  confirm  this  by  experiments  fafteh  a  hook 
to  the  fifth  hook  of  the  longer  arm  of  the  lever 
A  B  C>  fixed  at  H  I,  fig*  2,  pi.  4,  and  carry  it  over 
the  pulley  placed  dircdlly  over  it ;  fufpend  a  wei|^t 
of  one  ounce  from  the  end  of  the  ftring,  and  thil 
will  ballance  a  weight  of  five  ounces  fufpendcd 
from  the  firft  hook  from  the  fulcrum ;  fo  that  a 
man  taking  hold  of  the  bar  at  C>  and  pulling  up- 
wards, could  fupport  five  times  more  weight  hang- 
ing from  the  point  D,  than  he  could  fupport  with- 
out the  lever;  but  the  end  of  the  bar  muft  be 
raifcd  five  inches,  in  order  to  raife  the  weight  one 
inch. 

The  ftring  is  put  over  the  pulley,  in  order  that 
the  power  may  adt  in  a  contrary  dirertion  to  the 
weight.  There  is  a  Hit  in  the  bar  over  the  lever, 
that  the  pulley  may  be  placed  over  any  part  there- 
of. When  ufed,  it  ftiould  be  fo  placed,  that  the 
ftring  going  over  it  be  perpendicular  to  the  lever^ 
the  lever  being  in  an  horizontal  fituation. 

Of  the  third  kind  of  lever.  In  this  ma- 
chine the  power  is  between  the  fulcrum  and  the 
weight:  it  may  be  confidcred  as  the  fccond  kind 
rcverfcc?     for  the  power  in  this  muft  exceed  the 

viei^bt^ 
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LY/^ht,  as  much  as  the  diftance  of  the  latter  from 
he  fulcrum,  exceeds  that  of  the  power  from  the 
"ulcrum. 

If  you  place  the  end  A,  of  the  lever  ABC, 
ig.  3,  pi.  3,  under  the  table,  and  divide  the  bar 
nto  feven  equal  parts  from  A  to  C,  and  fufpend  a 
*'eight  of  one  ounce  at  the  end  C ;  then  a  hand 
placed  at  B,  one  divifion  from  the  fulcrum,  mull: 
pull  up  with  a  force  equal  to  feven  ounces,  to  fup- 
port  the  weight  C  of  one  ounce;  and  if  the  hand 
rifcs  one  inch,  the  weight  will  be  raifed  feven 
inches. 

Toilluftrate  this  by  experiment,  fix  one  end 
of  a  ftring  to  the  firft  hook  of  the  lever  ABC,  fig. 
i»  pf'  5»  and  bring  it  over  the  pulley  D,  which  foi; 
this  purpofe  you  muft  now  place  over  this  hook, 
and  to  the  other  end  of  the  ftring  hang  a  weight  of 
five  ounces,  which  adls  as  a  power  to  pull  the  lever 
upwards.  This  will  be  counterpoifed  by  a  weight 
of  one  ounce  at  the  fifth  hook.  No  mechanical 
advantage  is  gained  by  this  lever,  becaufe  the 
power  here  muft  exceed  the  refiftance,  as  much  as 
it's  diftance  is  nearer  the  fulcrum  than  that  of  the, 
rcliftance;  it  is  therefore  fcldom  ufed. 

If  you  examine  the  inftruments  in  general  ufe, 
you  will  find  that  moft  of  them  are  levers  of  one  or 
the  other  denomination.  Thus,  this  pair  of  pincers 
is  made  up  of  two  levers  of  the  firft  kind,  whofc 
center  of  motion  is  the  rivet.  The  power  is  ap- 
plied at  the  handles  to  prcfs  them  together,  and 
thereby  pinch  the  body,  as  a  weight,  at  the  oppo- 
fite  ends.  In  this  cafe,  if  the  diftance  of  the 
power,  in  both  levers,  is  triple  to  that  of  the 
weight  from  the  rivet,  the  power  acts  fix  times 
ftronger  on  the  weight,  than  it  it  were  applied  di- 
redlly  to  it. 

A  pair  of/crffars  is  alfo  made  up  of  two  fuch 
levers.     In  thefe  it  is  clear,  from  what  has  been 

faid. 
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weight.  In  other  words,  when  two  powert  lap- 
port  a  v^ight  by  the  help  of  a  lever,  the  fum  of  ta$ 
powers  muft  be  eaual  to  the  weight;  and  die 
weight  being  placed  between  thenij  thdr  refo^ 
tive  diftances  therefrom  muft  be  reciprocally  m 
the  powers. 

To  illuftrate  this,  I  (hall  fufpend  this  divided 
beam  from  the  points  4  and  3,  by  weights  goiaft 
over  the  puUies  in  the  bar  above  the  beam ;  Hm 
weights  being  to  each  other  reciprocally  as.dv! 
diftances  from  the  point  o,  where  the  refiftance  h 
to  be  fufpended,  and  will  be  in  equilibrio  vilh^ 
feven  ounces,  fufpended  from  the  point  q  of  tke 
beam. 

Upon  this  principle,  horfes  of  unequal  firauA 
may  be  made  to  draw  equally  in  a  coach  &  i^lic 
dividing  the  fpring  bar  unequally,  that  horlc  nm 
apply  more  ftrength  than  is  applied  to  the  fliort  end 
of  the  bar.  Two  men  alfo,  who  carry  a  band 
hanging  from  a  ftaff^  are  unequally  prefled  upon 
their  Ihoulders;  if  the  barrel  does  not  hang  in  tk& 
middle,  that  man  carrying  moft  who  is  neareft. 

If  at  one  end  of  a  lever  be  fixed  a  weighty  wbicK 
moving  zviih  the  end  of  the  lever,  does  not  bani 
freely,  while  the  pozver  ailing  at  the  other  end  is  a 
heavy  body  hanging  freely,  or  an  inanimate  power 
prcffing  perpendicularly  towards  the  earth,  fucb  & 
Jixed  weight  would  vary  in  force  according  to  tbepofi* 
4ion  of  the  beam.  The  force  will  alfo  vary,  accordiif 
/as  the  center  of  gravity  of  the  weight  is  above  or  belot 
the  beam. 

When  the  center  of  gravity  of  the  fixed 
weight  is  below,  the  beam  (as  i|i  Jig.  y,  pL  5,)  will 
become  heavier,  or  adt  more  ftrongly,  when  raifcd 
above  the  horizontal  line,  by  inclining  the  levers 
and  light  eft  when  below  the  horizontal  line,  wh^ 
the  levei;  is  inclined  contrary  to  it's  former  fitu- 
ation. 
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But,  on  the  contrary,  if  the  center  of  gravity 
^thc  fixed  weight  be  ahrr^jr  the  beam,  (as  li\  fig.  8, 
5,)  it  will  be  heavieft  v^hcn  deprefled  below  the 
Izontal  line,  and  becomes  high  eft  when  raifed 
re  the  horizontal  line- 
But  the  hxcd  weight  will  z^  in  the  fame 
icr  as  if  it  hung  freely^  when  the  lever  is  in 
[horizontal  fituation. 
When  the  lever,  wiih  the  weight  C  faftened 
ve  it,  is  in  an  horizontal  polition,  the  line  of 
dion  is  c  p,  and  p  is  the  point  on  which  the 
|cr  of  gravity  afta.  When  the  lever  is  in  the 
tionSOM,  the  point  e^  through  which  the  line 
Srciiion  pafTes,  is  nearer  the  lower  end  c  of  the 
than  p.  When  the  lever  is  in  the  pofitioii 
_  (R»thc  point  a,  through  which  the  line  ofdirec- 
jon  paflcs,  is  nearer  the  center  of  the  lever*  It  is 
kpdbrc  evident^  from  a  bare  infpedion  of  the 
pK'c,  I.  That  w hen  a  fixed  weight,  whofe  center  of 
[iivity  is  atove  the  lever,  is  below  the  horizontal 
'point  of  adion  gets  further  from  the  center 
^  on,  and  it's  momentum,  or  eff^d,  is  mcrcafed. 
HThai  when  it  is  above  the  horizontal  line,  the? 
Bnt  of  action  approaches  nearer  the  center  of 
tion^  and  the  momentum,  or  cffccl  of  the  weight, 
tinijbed. 

When    the   center    of  gravity  of  the    fixed 

iht  is  helovj  the  lever,  p  is  the  point  of  aclion 

the  lever  is  horizontal ;  but  by  inclining  it 

He  polition  K  R,  ic  becomes  the  line  of  direc-* 

and  1  the  ading  point,  which  will  be  nearer 

^ihati  the  point  p.     By  inclining  it  in  the  con- 

^ direction,  cc  will  become  the  line  of  direc- 

and  c  the  acting  point,   farther  from  o  than 

lini  p.     Confequently,  w hen  a  fixed  weighty 

th  has  it's  center  of  gravity  below  a  lever,  is 

ath  the  horizontal  level,  the  point  of  artiow 

nearer  the  center  of  motion,  and  the  clfecb  of 

[Vol.  lU.  T  W% 
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iVs  weight  is  diminijbed ;  but  when  the  wei^t  ii 
above  the  horizontal  levels  the  point  of  aAion  m 
removed  farther  from  the  center  of  motion^  and  clir 

cfFeft  of  the  weight  is  increded. 

Nothing  of  this  kind  will  haj^fl  whentfti 
weight  is  freely  fufpended  by  a  rope ;  becibiie  die  ^ 
point  of  fufpenfiont  or  point  of  aidtioU,  is  not  JiU  ; 
tered.     What  has  been  here  proved^  concefniig'i 
levers  of  t\yt  fird  kind^  is  equally  appUcftbk  to  tifc 
other  two  kinds. 

When  two  draymen  carry  a  barrel  on  a  eooU 
fiaff,  towhich  it  is  fufpended  by  a  chain^  the  |M|idt 
on  which  the  weight  z&&  is  not  altered  by  inclinilf 
the  ihtif  in  ^oing  up  or  down  hill ;  there  will  It  • 
no  inconvenience  fufferedj  or  advanb^  gaiftedi  \/J 
the  ifirft  or  laft  man:  but  if  they  carry  the  hixA 
upon  two  dogSj  then  the  weight  does  not  fwiii|^ 
and  the  center  of  gravity  is  below  the  Icvdrs  fchBt^ 
fore  the  point  on  which  the  weight  ails,  willj  bf 
Inclining  the  lever,  be  made  td  approach  tliC: 
higher  end  ;  and  the  firft  man,  in  going  down  hill, 
by  having  this  point  removed  from  him,  will  be 
cafed  in  part  of  his' burden,  and  the  laft  man  will 
have  his  equally  incrcafed.  When  two  chairmea 
are  going  down  hill,  if  the  center  of  gravity  of  At 
weight  they  carry  is  above  the  plane  of  the  poles, 
the  man  that  walks  firft  will  have  the  difadvan- 
tage  :  if  it  be  below  the  plane  of  the  poles,  the 
man  that  walks  laft  will  have  the  difadvantage: 
but  if  the  center  of  gravity  is  in  the  plane  of  thfc 
poles,  the  aftion  will  be  equally  divided  in  going 
down  hill. 

To  Jhev)  that  a  pozver  is  moji  effeSual  when  it 
afls  at  right  angles.  Unhook  the  fcales  from  the 
brafs  beam  G  H  I,  ^g.  2.  />/.  4,  and  raife  the  tranf- 
yerfe  arm  M  N  fo  as  to  be  only  a  few  inches  diftant 
from  the  beam;  and  place  two  pullics,  fo  that  thcit 
outer  edge  may  be  exadlly  three  inches  diftant  from 

2  the 
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t  point  where  the  firing  falls,  by  which  a  weight 
four  ounces  hangs  freely  from  the  beam.  This 
U  be  ballanced  by  a  weight  of  four  ounces^  at  an 
ual  diftance,  on  the  oppofite  arm  of  the  beam, 
it  if  you  put  the  ftring  over  either  of  the  pul- 
ls, by  which  means  the  weight  affixed  thereto 
b  obliquely  on  the  beam,  it  is  over-ballanced  by 
e  equal  weight  on  the  oppofite  arm  ;  and  fo  much 
,  that,  in  the  prefent  ihllance,  it  requires  one 
ince  additional  weight  to  make  it  counterpoife 
c  other. 

The  quantity  of  motion  produced  by  a  powet 
hich  aSs  upon  a  lever  is  always  proportional  to  the 
^'ing  force. 

We  fay,  indeed,  that  the  weight  a  man  13 
liged  to  lift,  by  the  help  of  a  lever,  is  greater 
m  his  ftrength;  but  by  this  wc  mean  only  that 
I  weight  is  greater  than  he  could  raife  by  his 
?ngth  diredly  applied  to  it,  in  fuch  a  manner  as 
make  his  power,  and  the  weight  that  is. to  be 
:ed,  move  with  the  fame  velocity. 

He  is  enabled  to  raife  it  by  the  help  of  a  lever, 
:aufe,  by  fufpending  the  weight  at  the  ftiorter 
1  of  the  lever,  and  applying  his  ftrength  at  the 
iger  arm,  the  weight  is  made  to  move  flower 
m  the  power.  And  though  the  momentum  of 
r  weigli,  when  it  moves  with  the  fame  velocity 
the  power,  may  be  greater  than  his  ftrength, 
:  the  proportion  which  the  velocity  of  the  weight 
ars  to  that  of  the  power,  may,  by  means  of  the 
^er,  be  diminiflied  till  the  moving  force  which 
exerts  fliall  be  equal  to  the  momentum  of  the 
light. 

No  motion  is  therefore  produced  by  the  lever 

blf :  the  only  ufe  of  it  is  to  make  the  weight 

)ve  flower  than  the  power ;  fo  that,  by  means  of 

:  mechanical  inftrument,  we  can  indeed  lift  a 

T  1  greatex 
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crcatcr  weight  than  we  can  without  it»  but  at  t!i^  . 
tame  time  wc  only  produce  the  fame  quantity  of  J 
motion,  for  as  much  as  the  momentum  we  ca^a 
raife  with  a  lever  exceeds  it's  weighty  To  much  it  ^ 
falls  ihort  in  velocity  of  tht  momentum  we  could 
raife  without  one.  This  reafbniog  is  applicable  tq;; 
all  the  other  mechanical  powers. 

Mechanical  Arithmetic^ 

Several  tveigbts  fu/pended  at  different  diftm(i% 
from  ibe  axis  on  one  fide  of  a  hallame^  'will  caunten 
foi/e  feveral  others  fufpended  at  d^fftreni  diftanai 
on  tbe  other  fide  /  provided  the  prodaif  arifingjrm 
the  multiplication  of  tbe  weights  on  one  fide,  by  that 
refpeOive  difiances  from  the  axis,  he  equal  t^  ik 
fum  arifing  from  the  like  mHitiplicaiian  of  il 
weights  on  the  Other  fide  into  their  refpe^ive  dij 
tances. 

'  Thus  fufpend  a  weight  of  one  ounce  at  tm 
inches  diftance  from  the  axis  of  the  beam,  fig*  % 
ph  4;  another  of  two  ounces,  at  three  inches;  and 
a  third  of  three  ounces,  at  four  inches:  and  if  on 
the  other  lide  you  fufpend  one  weight  of  fivct 
ounces  at  one  inch  from  the  axis,  and  another  of 
three  ounces  at  five  inches  diftance,  the  two  Utter 
will  ballance  the  three  former;  for  the  produAof 
five  inches  to  one,  added  to  the  product  of  three  by 
five,  gives  twenty  equal  the  product  of  one  into 
two,  added  to  that  of  two  into  three^  and  three  inoi 
foun 

From  this  principle  you  may  cafily  deduce*, 
method  of  finding  the  center  of  motion,  about 
which  when  equal  or  unequal  weights  arcfufpcoded 
at  the  ends  of  a  ballance  of  known  length  and 
weight,  they  will  be  in  equilibrio* 

From  hence  you  will  perceive  hpw  cafy  it  il. 

ti 
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to  perform  what  is  called  mechanical  ari/bmetic,  by 
means  of  a  divided  beam  and  a  proper  fct  of 
weights. 

Addition.  Let  the  numbers  to  be  added  be  2, 
3,  and  7.  I  apply  an  ounce  weight  at  the  fecond 
divifion,  and  another  on  the  fame  arm  at  the  third  ; 
I  now  take  an  ounct:  weight,  and  move  it  along  the 
other  arm  til!  the  beam  is  in  equilibrio^  which  I 
find  to  be  the  cafe  when  the  weight  is  at  the 
twelfth  divifton, 

SubtTiitliofK  To  fubtrad  five  from  twelve. 
Hang  an  ounce  weight  at  one  end  of  the  arm  at 
twelve  inches,  and  another  at  the  other  end  at  five; 
then  move  a  third  ounce  weight  ah:)ng  the  arm  till 
the  equilibrium  is  reilorcdi  and  you  will  find  it  to 
be  at  the  difference  feven, 

MuItiplicatirjH.  Multiply  four  by  three.  Stif- 
pcnd  a  four  ounce  weight  at  the  third  divifion  on 
one  arm,  and  move  an  ounce  weight  on  the  other 
till  the  beam  is  in  equilibrio,  and  you  will  then 
find  it  mark  out  the  product  twelve, 

Divijion.  To  divide  twelve  by  four,  fufpend 
in  ounce  at  the  twelfth  divifion,  and  move  a  four 
ounce  weight  on  the  other  arm  tilt  there  is  an 
quilibrium,  and  you  w  ill  find  it  at  the  quotient 
three. 

Of  the  Ballance. 

■  The  ballance,  as  you  all  know,  is  an  inJlru- 
•^cnt  of  very  extenfivc  ufe,  being  applied  to  efti^ 
TOte  the  weights  of  bodies,  that  is,  to  compare  the 

I  Weight  of  any  given  fubllancc  with  certain  llandard 
■Weights  previoudy  determined, 

■  The  ballance  is  a  lever  of  the  firfl:  kind,  w  hofc 
prms  are  of  an  equal   length  ;  in  other  w  ords,  the 

points  from  w hich  the  weights  are  fufpcnded,  are 
^  T  3  eq»ially 
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^ually  diftant  from  the  center  of  modon;  h 
treating  of  3,  balance  four  parts  ane  priQcipaUj  m 
be  confidcrcd  :  i.  The  beam  itfeIC  a.  The  col- 
ter of  motion.  3 .  The  arms  of  the  beam,  4*  Th? 
points  of  fufpeniion. 

To  conceive  more  clearlv  the  principles  of 
the  bailance^  it  1^  confidered  tneorcticaHy  as  an  in* 
flexible  mathematical  line ;  a  point  in  the  middle 
of  the  line  reprcfents  the  fulcrum,  and  the  ncaitf 
the  ballance  in  practice  can  be  brought  do  thtsib^ 
ftraded  view  of  it,  the  more  pcrfed  is  the  conft ruc- 
tion thereof.  From  this  view,  you  muft  clearly 
fee,  that  points  eqdally  diftint  from  the  fulcrum 
or  center  of  motion,  will  defcribc  eqtml  arcs ;  if 
therefore  equal  weightsbe  freely  fufpended  at  equal 
diftances  therefrom,  their  moments  will  be  equal, 
and  the  beam  will  be  in  equilibria.  For  fince  ail 
bodies  tend  towards  the  earth  \vLth  forces  propor-  ^ 
tional  to  their  weights,  if  two  weights  are  equal 
their  efforts  arc  equal ;  and  if  they  are  fufpcnded 
from  the  extremities  of  a  lever,  uhdfc  arms  irc 
equal,  they  act  with  equal  power  on  each  arm,  and 
confcquently  one  does  not  tend  more  to  the  center 
of  the  earth  than  the  other ;  therefore  if  the  ful- 
crum is  immoveable,  the  two  extremities  will  be 
fo  likewifc,  and  remain  equally  diflant  from  the 
center  of  the  earth  or  parallel  to  the  horizon.  It 
follows  alfo,  that  the  further  the  points  of  fufpe^- 
fion  arc  from  the  center,  or  the  longer  the  beanii 
the  more  the  momentum  of  the  weights  is  in- 
creafcd,  and  confequcntly  the  ballance  is  rendtrtd 
more  fenlible. 

In  praiftice,  the  beam  of  a  ballance  is  a  foW 
bar,  and  is  made  of  the  moft  homogeneous  and  in- 
flexible materials,  and  is  proportioned  in  ftrength 
to  the  weight  it  is  intended  to  fupport ;  for  if  the 
beam  be  too  weak,  or  loaded  too  much*  the  aniii 

'         will 
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till  bend^  which  will  render  the  beam  lefs  fenfi- 
blf>  and  if  the  arms  bend  unequally^  will  make  it 
untrue. 

The  arms  Ihould  be  accurately  of  the  fame 
lengthy  and  as  long  as  p)oflible,  relative  to  their 
tfaicknefs  and  the  weight  they  are  intended  to 
fupporr. 

If  the  bearing  edge  of  the  axis  is  very  pbtufe, 
the  diftance  of  the  extremities  of  the  ballance  re- 
lative to  the  fulcrum  will  he  altered. 

The  two  pivots  which  form  the  axis  or  ful- 
cnim,  ihould  b^  in  a  right  line,  and  at  right  angles 
to  the  beam. 

The  axis  ihould  be  well  poliflied  and  very 
lard,  and  it's  fupporting  part  Ihould  be  thin,  and 
Jti  not  fo  iharp  as  to  cut,  but  a  little  rounded  to 
avoid  ffiiftion ;  thefe  edges  are  firft  made  (harp, 
and  then  rounded  with  a  fine  hone  or  piece  of  buff- 
leather,  which  caufes  a  fufficient  bluntnefs  or 
Tolling  edge. 

The  edge  of  the  axis  mud  be  more  or  lefs 
blunt  in  proportion  to  the  weight  it  is  to  fupport. 

The  axis  Ihould  be  at  right  angles  to  a  plane 
fuppofed  topafs  through  the  middle  of  a  beam. 

The  rings,  or  the  piece  on  which  the  axis 
bears,  ihould  be  hard  and  well  polifticd,  parallel  to 
each  other  in  order  to  prevent  friction,  and  of  an 
oval  figure,  that  the  axis  may  keep  it's  proper 
bearing,  or  always  remain  at  the  lowed  point. 

The  index  is  a  flcnder  bar  perpendicular  to 
the  length  of  the  beam. 

Particular  care  ihould  be  taken  that  the  points  of 
fufpenfion  on  which  the  fcales  hang  are  in  the  fame 
line  with  the  center  of  motion,  for  if  the  points  of 
fufpenfion  are  higher  than  the  axis,  the  ballance 
Will  vibrate  too  much. 

If  they  are  below  the  axis,  the  vibration  will 

be  too  flow;  and  in  either  cafe,  if  the  beam  in- 

T  4  clincs. 
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clines>  it  A\'ill  divide  an  horizontal  line  pafHng 
through  the  fulcrum  into  unequal  parts,  and  thcrct 
f  )rc  deftroy  the  equilibrium,  though  equal  weights 
iniy  be  in  the  fcales. 

The  index  placed  perpendicularly  to  the  beam 
in  order  to  afccrtain  when  it  is  horizontal,  would 
add  to  the  weight  of  the  defcending  arm,  and  fi) 
deftroy  the  equilibrium,  if  it  were  not  corrcdcdby 
a  weight  placed  on  the  oppofite  fide  of  the  beano.' 

As  the  horizontal  polition  of  the  beam  is  thf 
pnly  one  by  which  ^e  can  well  judge  of  the  weight 
of  bodies,  particular  care  is  to  be  taken  of  the  por 
fition  of  the  fulcrum  or  center  of  motion,  forypff 
will  find  that  the  fituation  of  this  part  alters  in  a 
degree  the  neceflary  perfeQions  of  the  ballancc. 
There  are  three  fituaxidtis  to  be  confidered,  whcr 
ther,  I  ft,  The  center  of  motion  ftiould  coincide 
with  the  center  of  gravity  of  the  beam,  ad^  Whcr 
ther  it  ftiould  be  above;  or  jdly.  Below  it. 

I.  When  the  axis  of  motion  or  fulcrum  paflcs 
through  the  center  of  gravity,  the  beam  will  reft  in 
any  polition  wh^tfocvcr,  whether  the  fcales  were 
on  or  off,  with  or  without  weights. 

A  beam,  where  the  centers  of  motion  and 
gravity  are  coincident,  can  have  no  other  tendency 
to  an  horizontal  lituatpon  but  what  it  may  derive 
from  it's  own  weight,  and  will  thcrctorc  turn  with 
the  fame  additional  weight,  whatever  may  be  the 
weight  applied,  except  fo  far  as  a  greater  load 
produces  a  j^rcatcr  friction. 

If  two  weights  were  fufpendcd  from  fuch  a 
beam  at  an  equal  diltance  from  the  axis,  the  quief- 
cence  of  the  rcxl  would  denote  an  equality  between 
the  \Nci<jjhts  acting  ujx)n  it ;  but  it  is  more  conve- 
nient that  fomc  fixed  polition  of  the  beam  ftiould 
denote  the  equilibrium  of  the  weights,  and  there 
IS  no  polition  fo  eligible  as  that  which  is  com- 
inonly  ufcd  where  the  beam  is  horizontal,  when  the 

weighty 
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Iglrrs  fufpendcd   from  the  extremities  of  the 

la  arc  equat. 

2.  If  the  center  of  motion  or  fulcrun  be  a 
^Ic  above  the  center  of  gravity,  the  beam  will 

red  in  any  pcfition  but  the  horizontal  one  ;  for 

icn  the  beam  is  quiefcent,  the  center  of  gravity 

U  be  immediately  under  the  center  of  motion  i 

Infcquently  if  it  be  removed  from  this  fituation, 

will  vibrate  backwards  and  forwardii,  and  at  lafl 

in  an  horizontal  pofition. 
The  nearer  the  center   of  gravity   of   the 
h  to  the  center  of  motion,  the  nicer  will 

the  ballance,  and  the  quicker  it*s  vibrations  ; 

|us,  if  acbc  be  the  beam,  and  c  the  center  of 

>tion,  the  difference  between  the  effed  of  having 

center  of  gravity  at  K  or  c  will  be  the  fame  as 
fwc  compared  the  velocities  of  two  pendulums  of 

lengths  C  K  and  C  c,  which  I  have  (hewn  you 
!  be  in  a  fubduplicate  ratio  of  their  lengths.  The 

lency  to  an  horizontal  pofition  is  however  in- 

ifed  by  lowering  the  center  of  gravity,  in  w  hich 
fc  it  will  alfo  require  a  greater  additional  weight 

icaufe  it  to  turn  or  incline  to  any  given  angle. 
Id  is  therefore  lefs  fenfible  w  ith  a  greater  load. 
3.  When  the  fulcrum  is  below  the  center  of 
kvity,  if  the  center  of  gravity  be  moved  out  of 
e  perpendicular  line,  the  beam  will  be  overfet, 
that  is,  turned  out  of  it's  horizontal  pofition,  and 
1  not  return  thereto,  fo  that  equal  weights  may 
»ear  unequaL 

The  fixing  the  center  of  motion  in  a  ballance 
you  pcrccivc»  of  the  utmoft  importance,  for 
upon  this  depends  the  eafe  with  which  it  will  be 
■Bedtcd  by  a  ftnallcr  weight,  and  the  rcadinefs  with 
Hiich  it  will  return  to  it*s  horizontal  pofition  ; 
Hd  it  is  clear,  from  h  hat  I  have  already  told  you^ 
Wat  the  beft  pofition  is  that  in  which  the  center 
of  motion  is  a  little  above  the  center  of  gravity  ; 
I  and 
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and  even  in  this,  it  iTiouId  be  proportioned  to  the 
diilance  of  the  weights  from  the  fulcrum,  and  the 
quantity  of  matter  to  be  weighed,  which  in  different 
beams  can  only  be  attained  by  the  pra(3:ice  and 
experience  of  the  maker. 

Hence  great  care  is  taken  in  all  ballances, 
that  the  axis  be  placed  a  little  higher  than  the 
center  of  gravity  ;  to  determine  the  beft  diftance 
of  thefe  two  points,  an  adjuftment  is  added  to 
fome  beams  to  raife  or  lower  the  center  of  gra- 
vity. 

The  fcales  fliould  be  fufpended  in  fuch  man- 
ner,  that  in  all  pofitions  the  firings  of  the  fcala 
may  be  parallel  one  to  rhe  other ;  for  if  this  be  not 
obfervcd,  the  weights,  although  equal,  will  not  be 
in  equilibrio. 

To  imprefs  more  ftrongly  on  your  mind  the 
alterations  occafioncd  by  the  different  pofitions  of 
the  centers  of  motion  and  gravity,  I  have  prepared 
a  triangular  piece  of  brafs,  fig.  22,  pL  i,  with  three 
holes,  one  in  the  center  of  gravity,  one  above,  and 
the  other  below  that  center.  ^ 

Sufpend  it  on  a  pin  paffing  through  the  center 
of  gravity,  and  you  foe  it  will  reft  in  any  fituation; 
fufpcnd  it  on  the  hole  above  the  center  of  gravity, 
and  fet  the  beam  in  motion  by  raifing  the  center  of 
motion,  and  you  will  obferve  it  defcend  with  an 
accelerated  velocity,  and  it  will  continue  ofcillating 
like  a  pendulum  for  a  confiderable  time.  When 
fufpended  with  the  center  of  gravity  above  the 
center  of  motion,  it  will  only  be  level ;  when  the 
center  of  gravity  is  dire(5lly  over  the  point  of  fuf- 
penfion,  if  it  preponderate  ever  fo  little,  it  will 
defcend  and  not  return. 

M'ljen  the  arvis  of  a  ballance  are  unequah  ^bt 
till:. vice  is  /aid  to  be  falfe^  as  not  giving  the  true 
u eight  of  the  body  weighed,  whether  it  be  fuf- 
pended from  the  Ihortcr  arm  or  from  the  longer 

one. 
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le.  There  are,  however,  feveral  properties  of  the 
Ife  ballance,  which  are  extremely  ufeful  in  the 
limation  of  weights,  as  well  as  in  correcting  er- 
»rs  which  may  have  arifen  in  the  adjuftment  of 
le  true  ballance.  * 

A  ballance  with  unequal  arms  will  weigh  as 
:curately  as  another,  provided  the  ftandard  weight 
felf  be  firft  counterpoifed,  then  taken  out  of  the 
:ale,  and  the  thing  to  be  weighed  be  put  into  the 
:aje  and  adjufted  againft  the  counterpoife. 

Or  when  proportional  quantities  only  are  con- 
dered,  the  bodies  may  be  weighed  againft  the 
eights,  taking  care  always  to  put  the  weights  in 
le  fame  fcafle ;  for  then,  though  the  bodies  may 
ot  be  really  equal  to  the  weights,  yet  their  pro- 
ortions  amongft  each  other  will  be  the  fame  as  if 
icy  had  been  accurately  fo. 

A  weight  which  counterpoifes  an  ounce  when 
ifpended  from  the  longer  arm  of  a  falfe  ballance, 
eing  added  to  the  weight  which  counterpoifes  an 
unce  fufpended  from  tne  (horter  arm,  will  always 
e  greater  than  two  ounces.  The  excefs  is  that 
art  of  an  ounce  which  is  expreffed  by  a  fraftion, 
f  which  the  numerator  is  the  fquare  of  the  difFer- 
nce  of  the  arms,  and  the  denominator  the  produiS: 
f  the  arms. 

If  any  fubftance  be  fucccflively  weighed  from 
(le  longer  and  fhorter  arms  of  a  falfe  ballance,  the 
rue  weight  will  be  a  geometrical  mean  between 
[le  falfe  weights. 


Ow 


"^  Nichoiron*^  Principles  of  Chcmiftiy, 
Atwood's  Analylis  of  a  Courfe  of  L.e£hirei. 
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Of  the  Stibl-yard 


On  the  equilibrium  that  arifes  from  the  fuH- 
penfions  of  weights,  when  the  diftances  Ere  reci- 
procally proportioned  thereto^  is  founded  ihcJlerU 
yard^  which  confift&  of  two  arms  of  very  unequal 
length,  but  equally  poifed  by  means  of  a  weigh! 
annexed  to  the  Ihorter,  from  which   I  ike  wife  ; 
fcale  is  fufpended  to  receive  fuch  things  as  arc  i^ 
be  weighed;  the  longer  arm  is  divided  into  a  num 
berof  equal  weights,  beginning  from  the  aii% 
and  fuftains  a  weight  which  Aides  from  one  end  xa 
the  other,  which  weight  being  applied  to  the  fecood 
divilion,  will  councerpoife  doublie  the  wcigbt  in  die 
fcale  of  the  fhorter  arm  than  what  it  willballaiice 
when  at  the  firft  divifion,  and  triple  when  applied 
%o  the  third  divifion,  and  fo  on,  it  being  lo  gitiF 
duaced  that  the  weight  and  diftance  are  piODor<* 
tional. 

Helsham's  Property  of  theBallance. 

If  a  man  Handing  in  one  fcale,  and  counter- 

poifed  by  a  weight  in  the  other,  lays  his  hand  to 

any  part  of  the  beam  and  prefTes  it  upwards,  he 

will  thereby  deftroy  the  ballance,  and  make  the 

.fcale  wherein  he  ftands  to  preponderate. 

To  illuftrate  this  property,  fix  the  beam  to 
the  upper  part  of  the  pillar,  fig,  4.,  p/.  41  A  X  is  a 
perpendicular  piece  fufpended  from  the  end  A  of 
the  beam,  and  is  prevented  from  being  puftied  out 
of  it's  perpendicular  pofition  by  the  plate  DG. 

H  I  is  a  pulhing  pipe,  the  lower  point  is  put 
into  a  hole  at  X,  the  upper  point  is  put  into  a 
fmall  hole  on  the  under  fide  of  the  beam ;  the 
point  I,  by  means  of  a  fpiral  fpring,  is  preffed  up 

againit 
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3gainft  the  beam  as  a  man  might  do  with  his 


arm. 


» 


The  perpendicular  piece  A  X,  and  the  pufh- 


if    '"6pip^  b^>"&  fufpcndcd,  the  fpring  is  prevented 

fram  ading  ;  the  whole  is  then  countcrpoifed  by 

^  eights  on  the  oppofite  arm  of  the  beami  the  fpring 

then  to  be  freed,  and  the  beam  immediately  pre- 

onderates,  and  an  additional  weight  muft  be  hung 

to  the  oppolicc  end  to  rellore  the  equilibriym* 

Of  the  Wheel  and  Axis. 


The  wheel  and  axis  is  a  machine  much  ufed,, 
and  which  is  applied  to  a  variety  of  purpofcs^  and 
in  a  variety  of  fonns.  The  pozvcr  adts  on  the  cir* 
cumfcrence  of  the  wheel ;  the  zveighi  is  faltencd  to 
^icend  of  a  rope,  whofc  other  end  winds  round  an 
ajtis  that  turns  with  the  wheel. 

'  This  machine  is  generally  ufed  with  a  handle  t 

^hus,  to  wind  up  a  jack  I  turn  a  handle,  which  mo- 

^'on  coils  a  rope  round  the  axis  in  the  middle  of 

5^hc  engine.     By  turning  a   handle  we   raife  up  a 

^Uckct  from  a  well,  Sec,  &c.  but  in  all  thcfe  cafes 

'^ He  greater  the  diftancc  of  the  handle  from  the 

*^'v*ntcr  of  the  whccl^  the  greater  is  the  power  vvc 

^liercby  obtain. 

The  axis  A,  and  wheel  C  D,  fig.  6,  /'/.  3,*  arc 
^5i(lencd  together,  fo  that  one  cannot  move  without 
lie  other;  when  a  zveighi  is  to  be  raifed  by  this 
ne^  it  is  fixed  to  the  cord  which  goes  round 
axis,  but  the  pozvvr  is  applied  to  lame  part  of 
the  circumference  of  the  \s  heel. 

t        To  turn  the  wheel  once  round,  pulling  at  the 
»ope  P,  as  much  rope  muft  be  drawn  olf  as  winds 
once  about  the  wheel,  or  through  a  fpacc  equal  to 
the 
1 


ftg,  3,  pL  5,  the  apparatus  A  B  C  D  E»  is  a  cOTTipourid 
vvTiidi  ihc  wheel  F  may  be  dcUcUcd  10  (hew  the  na- 


At 
^'k^ttK,  in  winch  iftc  wli|ci 
vliiieofibe  wheel  and  ^%\, 
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the  circumference  of  the  Mrheel ;  but  vhilft  thl 
ivheel  is  turning  once  rounds  the  axis  u  alfo  turned 
onte  round,  and  of  courfe  the  rope  by  which  the  "^ 
weight  is  fufpended  will  wind  once  rixnid  thetxiii; 
and  the  weight  will  be  raifed  through  a  fpace  e^ud 
to  as  much  rope  as  will  go  round  the  z,lii;  h  e. 
equal  to  ifs  circumference. 

Since  therefore  in  the  time  the  machine  u 
turned  once  round,  the  fpace  which  the  power  d6- 
fcribes,  is  equal  to  the  circumference  of  the  whcd; 
and  the  (paice  which  the  weight  defcribes  is  equal 
to  the  circumference  of  the  axis»  and  as  the  vdo- 
cities  are  as  the  fpaces  defcribed  in  the  fametimcf 
it  follows,  that  the  velocity  of  the  power  is  to  the 
velocity  of  the  weight,  as  the  circumference  of  t\k 
wheel  is  to  the  circumference  of  the  axis. 

Though  this  machine  will  prefentltfelf  toyoo 
in  a  variety  of  fornis,  you  will  always  find  die 
above-mentioned  proportion  between  the  power 
and  weight,  when  the  power  is  applied  to  the  cir- 
cumference of  the  wheel,  and  the  weight  to  the 
axis. 

Hence  on  the  ^johcel  and  axis  the  weight  and 
power  will  be  in  equilibrio,  when  the  power  is  to 
the  weight  as  the  circumference  of  the  wheel  is  to 
the  circumference  of  the  axis;  and  the  momentum 
of  the  power,  or  it's  weight  multiplied  by  it's  velo- 
city, will  be  equal  to  the  momentum  of  the  rcfift- 
ance,  or  the  weight  multiplied  by  it's  velocity. 

Now  geometricians  prove  that  the  circumfe- 
rences of  circles  are  as  their  diaifieters  ;  confe- 
quently,  //  the  power  bears  the  fame  proportion  to 
the  weighty  as  the  diamcier  of  the  axis  bears  to  the 
diameter  of  the  wheel,  the  power  and  weight  will 
ballance  each  other.  Thus,  fuppofc  the  diameter 
of  the  wheel  to  be  eight  inches,  and  the  diameter 
of  the  axis  to  be  one  inch,  then  one  ounce  adling 
as  a  poHer  P  will  ballance  eigtit  ounces  as  a  wei^C 
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H  W;afitla  fmall  additional  weight  will  caufe  it  to 
H  dcfccndj  and  turn  the  wheel  and  it*s  axiSj  and  fo 
H  tnik  the  weight  W,  and  for  every  inch  the  w^eight 
H  fifes,  the  power  will  fall  eight  inches ;  fo  that 
H  The  ivbeel  and  axis  may  be  confidered  as  a 
H /f 7rr^  whofe  fulcrum  is  a  line  paiTing  through  the 
r  renter  of  the  wheel  and  the  middle  of  the  axis,  and 
[  whofc  long  and  fhort  arms  are  thofe  radii  of  the 
I  wheel  and  axis  that  are  parallel  to  the  horizon^ 
and  from  whofe  extremities  the  cords  hang  pcr- 

^pcndicularly. 
Suppofe  that  the  power  does  not  aft  by  a  rope 
H^inding  round  a  wheel,  but  that  it  is  moved  by  a 
Hfttn's  ftrength  applied  immediately  to  the  handles 
K,  E,  F,  G^  Hj  1 ;  if  the  man  firft  lays  hold  of  the 
handle  H,  and  pulhes  it  down  to  G,  his  hand  paflTes 
through  the  fpace  H  G,  and  the  handle  will  be 
brought  down  to  H  ;  he  then  lays  hold  of  I,  and 
puflics  it  to  G,  and  fo  on,  till  he  has  turned  the 
^'heel  once  round ;  and  his  hand,  which  is  now 
the  power,  \^ill  defcribe  the  whole  circumference 
*>f  a  circle,  which  is  to  be  confidered  as  the  cir- 
cumference of  the  wheeK 

Hence  a  wheel  and  axis  may  be  confidered  as 

^  kind  of  perpeiual  /ever^on  whofe  arms  the  power 

^nd  weight  always  ac^  perpendicularly,  though  the 

*cvcr  turns  round  it's  fulcrum  ;  and  in  like  manner 

When  whceU  and  axes  move  each  other  by  means 

of  teeth  on  their  circumference,  fuch  a  machine 

^^lay    be    conlMercd    as    a    perpetual    compound 

lever. 

^k        In  ufing  this  machine  the  weight  is  not  always 

^H^ended  to  the  axis  by  a  rope,  but  is  fometimc^ 

^HbI  to  the  axis  itfelf.     This  is  the  cafe  of  a  bell 

that  is  moved  in  ringing  by  a  wheel  and  an  axis ; 

here  in  once  turning  the  wheel  round,  the  velocity 

of  the  bell  is  as  the  circumference  defcribcd  by  it*s 

center  of  gravity, 

^  On 
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On  the  other  hand»  in  a  crane  wheel  the  power 
is  not  applied  to  the  wheel  by  means  of  a  ropc^  nor 
.does  it  adt  upon  any  handle  or  fpokes ;  but  by  a 
man  walking  within  the  wheel»  as  the  man  SSept 
forwards^  the  part  upon  which  he  treads  becoom 
the  heavieft  part  of  the  wheelj  and  defcends  till  it 
be  the  lowelt;  thus  he  keeps  going  on,  and  bjr  * 
treading  upon  every  part  of  the  wheel's  circumii^ 
xence  in  it's  turi^  he  walks  over  th^hole  thereof  J 
and  brings  the  wheel  once  roynd. 

A  capftan  is  a  cylindrical  axisj  that  is  tuned 
by  four  (or  more)  bars  that  crofs  it ;  thefe  are  tb 
fpokes  of  an  imperfed  wheels  and  the  velocity  of 
tne  power  applied  to^em  is  as  the  circumfercDCf  [ 
which  it  defcribes  in  i^e  revolution  of  the  capr 
ftan.  '  *. 

When  the  parts  of  tHe  axis  differ  in  thick- 
nefs^  and  weights  be  fufpende^-at  the  feveral  ptd% 
they  may  be  uiftained  by  one  lod  the  fame  power 
applied  to  the  circumference  of,  the  wheel,  pitK* 
yided  the  produft  arifing  from  the  ipukiplicados 
of  the  power  into  the  diameter  of  tBp^whccljbc 
equal  to  the  fum  of  the  produfts  arifing  frcun  the 
multiplication  of  the  feveral  weights,  into  the  dia- 
meters of  thofe  parts  of  the  axis  from  which  tlKjf\ 
are  fufpended.  ^ 

Thus  a  weight  of  five  ounces  hung  from  a 
part  of  the  axis  whofe  diameter  is  one  inch,  and 
another  of  ten  ounces  from  a  part  whofe  diameter 
is  half  an  inch,  will  be  both  ballanced  by  a  weight 
of  two  ounces  hanging  from  the  circumference  of 
a  wheel  whofe  diameter  is  five  inches ;  for  five  by 
one  added  to  ten  by  one-half  is  equal  to  ten,  which 
expreflTes  the  momentum  of  the  weights;  and  twa 
by  five  or  ten  is  alfo  the  momentum  of  the  power. 

In  reafoning  upon  the  wheel  and  axis,  I  hate 
fuppofed  the  rope  that  fuftains  the  weight  to  be  of 
no  fenfible  thickncfs ;  but  if  it  be  a  thickrope,  or 

iC 
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Bftlicrcbe  feveral  folds  thereof  round  the  axis^  you 
Rnufl  mcafure  to  the  middle  df  the  outfide  rope  tA 
obtain  the  radius  of  the  axis  ;  fof  the  diftance  of 
|lbc  \^ eight  is  incrcarcd  juft  fo  rtiuch  by  the  coiling 
Ipf  the  rope  round  the  axis. 

■  You  have  feen  that  the  velocity  of  a  weight, 
Porany  other  force  applied  to  the  axis  of  a  wheels 
I  vill  increafe  as  the  circumfefence  of  the  axis  in- 
Ifrcafes.  Thus  a  weight,  ot  afiy  6thcr  fOTce  ailing 
Bipon  the  axis  B,  will  have  a  greater  velocity  than 
[bnc  which  ads  upon  the  axis  A  ;  if  the  force  was 
■ipphcd  to  T,  it's  velocity  would  be  ftill  further 
pncrcafed*  Now  the  fufee  of  a  watch  is  an  axis  of 
I  the  Ihape  of  a  conci  and  the  fprifig  by  means  of  a 
foain  acis  upon  the  fmallef!  part  of  this  axis  when 
She  watch  is  wound  up  ;  as  the  watch  goes  down^ 
phe  chain  is  applied  to  diftcrent  parts  of  this  conc^ 

5nd  to  the  thickcft  part  of  al!  when  the  watch  is 

Juftdov^n*  Therefore  as  the  clalHcity  or  abfolute 

fbKc  of  the  fpring  dccrcafes^   the  velocity  with 

^hich  it  adls  to  move  the   watch   incfeales,  by 

being  applied  to  a  larger  part  of  the  axis  in  propor- 

tiofi;  and   confequently   if  the  fufcc  be  properly 

bregulatedj  the  mon^ntum  produced  in  the  wheels 

nd  the  hands  of  the  watch,  will  be  always  the 

Htme,     In  other  words^  /be  motion  of  a   tratcb  is 

^nierfd  uniform  by  the  fufee^  thmgb  the  force  of 

Wh  Jprtng^  fs  not  ahvays   the  fame^  hUt  is  greatefi 

■wrf  ibe  u\ttcb  is  zipounj  up^   and  keeps  decrea/ing 

■r  Uft  watch  goes  doivn* 

m  Of  the  Vvllzy. 

B  The  pulley  is  a  fmaU  wheel  turning  about  it*3 
p^with  a  drawing  rope  paffingbver  it ;  rhcfmall 
•heel  k  commonly  called  ay/vnr,  and  is  fo  fixed 

■  ^  box  or  blockj  as  to  be  moveable  round  a  center 
•fipalHng  through  it. 

■  VqlAIU  U  Pulli^s 
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Putties  are  of  two  kinds:  ift^  Fixe4 
iloc  move  0UC  of  their  place.  2d^  M»vfi 
rife  and  faXl  with  the  weight. 

A  rope  going  rouad  one  or.  more 
rsiife  a  weighty  is  called  the  nimiing  i 
jMd  pulley  I  this  kind  only  t^rns  on  it' 
does  not  move  out  of  it^s  place,  fee  B«  j 
^'  ^•fii-  3»  P^z  5'  .!(  changes  the  diro 
power,  but  gives  it  no  mechanical  ad^ 
that  you  can  raife  no  greater  weight  b) 
this  pulley  than  you  can  raife  with6ui 
natural  ftrength. 

Two  equal  weights  fufpended  to  tt 
Ihring  that  goes  over  a  fixed  pulley,  wi 
each  other^  for  they  are  equally  ftretc 
weights ;  and  if  either  of  them  be  p 
through  any  given  fpace,  the  other  will  x 
an  equal  fpace  in  the  fame  time  ;  and  a 
as  the.  velocity  and  the  weights  are  equal 
ballance. 

Though  this  pulley  gives  no  mec 
vantage,  it  is  a  fource  of  great  convcni 
takes  off  the  neceflity  a  man  would  ot 
under  of  afccnding  along  with  the  wcigl 
kflcns  his  labour;  bcfidcs  having  this  ft 
vcnience,  that  by  means  thereof  the  joii 
of  feveral  perfons  may  be  made  ufe  of  t 
and  the  fame  weight. 

Of  the  Mm'EABLE  Pullet. 

This  kind  C,  fig.  4,  pi.  3,  or  T,  /? 
rifcs  or  falls  along  with  the  weight,  and 
momentum  of  the  power. 

Some  writers  have  thought  that  the 
^S^S^^  T)f  the  pulley  might  be  bcft  unc 
eonfidcring  a  fixed  pulley  as  a  lever  c 
kind,  tH)d  »  moveable  pulley  as^  one  of  1 
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Slit  this  mode  feems  only  calculated  to  introduce 
the  parade  of  demonftration,  for  the  pulley  cannot 
with  propriety  be  called  a  lever;  for  when  any 
power  fuftains  a  weight  by  means  of  a  fyftem  of 
pullics,  that  power  will  fuilain  the  fame  weight  if 
iht  fullits  be  removed^  and  the  ropes  be  brought 
over  the  axis  oh  which  the  pullies  turned.  Now  ia 
this  cafe,  no  one  I  believe  would  fay,  that  thefe  axes 
ihould  be  confidered  as  levers ;  if  it  was  required 
toraife  a  weight,  there  would  be  a  very  great  re-% 
fiftance  arifing  from  the  fri(flion  of  the  ropes  on 
tbc  axes,  and  it  is  merely  to  avoid  this  refiftancc 
that  pullies  arc  ufed,  becaufe  they  turn  upon  their 
axis  with  very  little  fridion.* 

The  bcft  and  moll  natural  method  of  comput- 
ing the  proportion  of  any  power,  to  the  weight  ic 
fuftains  by  means  of  a  fyftem  of  pullies,  or  of  ex- 
plaining their  efFefts,  is  by  confidering,  that  every 
liveable  pulley  bangs  by  two  ropes  equally  Jlreicbed^ 
Wd  which  muft  confequcntly  bear  equal  parts  of 
ihc, weight";  and  thenrfore  when  one  and  the 
fimc  r6pe  goes  round  fcvcral  fixed  and  moveable 
pullies,  as  all  the  parts  on  each  fide  are  equally 
ftrctched,  the  whole  weight  mufl:  be  equally  di- 
vided among  all  the  ropes  by  which  the  moveable 
pullies  are  fufpendcd. 

Hence  if  tht  power  which  a<5ls  on  one  rope 
^  Ccjual  to  the  weight  divided  by  the  number  of 
'Opes,  that  power  muft  fuftain  the  weight ;  in 
^hcr  words,  the  power  and  weight  ballance  each 
whcr,  when  the  power  is  in  proportion  to  the 
height,  as  one  is  to  the  whole  number  of  cords, 
l^ponthis  prihciple  the  proportion  of  the  p^wer, 
to  the  weight  it  fuftains  by  means  of  a  fyftem  of 
pullies,  may  be  computed  in  a.  mahner  fo  eafy  and 

U  2  natural 

•- 

^  Hamilton's  Four  Introdufiory  Lffturcs, 
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\^'hich  a  fcparate  firing  goes  round  each  puUejr; 
one  end  thereof  is  fixcd^  while  the  other  is  joiiMF 
to  the  moveable  pulley  next  above  it.  There  irill 
be  an  equilibrium,  when  the  ftruoer  is  to  ibe  wtiM 
as  unity  to  that  power  of  two,  of  which  the  index 
is  the  number  of  moveable  pullies.    See  F,jF^.4i: 

The  weight  is  faftened  to  the  lower  puUcj; 
The  pullies  do  not  here,  as  in  the  preceding  fjU 
tcms,  rife  together  in  one  block  with  the  weieh^ 
but  adt  upon  one  another^  fo  that  each  piuky 
doubles  the  power. 

A  power  of  one  ounce  will  be  in  equilibrio 
with  two  ounces  at  A,  with  four  at  B,  with  cij^t- 
at  C,  and  with  fixteen  at-D;  and  the  velocity  of 
the  power  will  be  fixteen  times  that  of  the 
weight.  Though  this  fyftem  be  very  powerful^ 
yet  as  it  raifes  weights  very  (lowly,  and  take*  up  It 
conlidcrable  fpacc,  it  is  very  fcldom  ufed. 

Of  the  Inclined  Plan^, 

The  inclined  plane  is  generally  reckonec^ 
among  the  mechanic  powers,  b#ing  ufed  with  ad- 
vantage ill  railing  weights,  by  diminiihing  th^ 
weights  laid  thereon. 

If  hogflicads,  or  pipes  of  wine,  &c.  are  to  he 
let  down  into  a  cellar,  or  brought  up  out  of  it,  a 
plank  is  laid  along  the  ftairs,  which  in  that  cafei5 
an  inclined  plane,  the  only  mechanical  power  that 
can  be  readily  applied.     So  alfo,  in  making  refcr- 
voirs  for  water,    in  gardening,    in   raifing  forti- 
fications, 6cc.  w  here  carts  cannot  come,  inclined 
]:!anes  made  of  wood  fcrvcfor  the  wheelbarrows  to 
run  on,  to  remove  the  earth  from  a  lower  to  an 
higher  place. 

1  have  already  fo  far  explained  to  you  the 
proj^ertivS  of  the  inclined  planc^   that  }t  need  do 

little 
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litde  more^  in  this  place,  than  (hew  you^  that  * 
the  lefs  the  plane  is  inclined  to  the  horizon^  the 
cafier  t  body  may  be  rolled  or  forced  up  it*3  fur- 
Ace. 

If  it  were  required  toraife  a  heavy  body  to  the 
height  C  B  of  the  plane. /^.  6,  pi.  4,  and  perpendi- 
cular to  the  horizon^  it  is  evident  you  muft  employ 
*  power  equal  to  that  of  the  weight,  and  it  would 
even  then  be  very  inconvenient;  out  if  an  inclined 
plane,  A  B,  be  elevated  to  the  height  B,  where  the 
height  is  to  be  raifed^  a  lefs  power  than  the  weight 
will  fcrve  the  purpofe. 

.  The  weight  is  always  moft  eafily  either  drawm 
orpuflicd  in  a  line  W  w  M,  paralld  to  the  plane, 
Md  palling  through  the  center  of  the  weight;  for 
if  one  end  of  the  line  be  fixed  at  W,  and  the  other 
end  inclined  rewards  B,  the  body  would  be  drawn 
againft  the  plane,  and  the  power  muft  be  increafcd 
in  proportion  to  the  greater  difficulty  of  the  trac- 
tion: but  if  the  line  be  carried  above  M,  the  power 
ttJuft  be  alfo  increafcd;  but  here  only  in  propor- 
tion as  it  endeavours  to  life  the  body  off  the  plane. 

As  the  power  a<5ls  to  the  greatcft  advantage 
^hcn  the  line  of  traction  is  parallel  to  the  inclined 
plane,  what  1  Ihall  mention  concerning  this  plane 
^ill  principally  apply  to  the  line  when  in  this  fitu- 
*tion.  When  fo  lituated,  there  will  be  an  cquili- 
Wum,  ivhen  thepozver  is  to  the  v:ei^bt  aj  the  heioht 
^f  the  plane  is  to  it's  bufc.  In  other  words,  the 
'^^cchanical  advantage  is  in  proportion  as  the  leu^k 
^  the  plane  exceeds  it's  height. 

Thus,  if  a  weight  of  four  ounces  be  laid  oji 
^^c  plane  RS,  ji]g.  2,  pL  5,  whofc  length  is  to  it's 
Perpendicular  height  as  2  to  i,  it  will  be  countcr- 
Wlanced  by  a  weight  of  two  ounces,  drawing  the 
^hcr  in  a  diredtion  parallel  to  the  plane,  by  means 
^a  pulley  properly  fixed  at  the  end  thereof.  If 
^"^  length  of  xhc  plane  were  to  it's  height  as  4  to 

U  4  1 ,  it 
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I,  it  would  be  fuflained  by  one  ouncej  bangir 
fref  Iv,  as  in  the  former  inftg.ncc- 

Hence,  in  drawing  a  cart  or  waggon  up  hill 
if  the  power  of  the  horfcs  be  proportioned  to  ih 
weight  of  the  waggon,  as  the  height  of  the  hill  ii 
fo  it's  fide,  the  waggon  will  not  run  back,  and 
little  additional  power  will  draw  it  up  hill. 

Of  tub  Wedge, 

The  wedge  i$  I  he  next  mechanical  powf 
Thofc  among  you  who  have  fccn  men  cleav^ 
wood,  cannot  be  at  a  lofs  to  know  that  the  wttig 
is  a  piece  of  wood  or  iron,  thin  at  one  end«  add 
thick  at  the  back.  The  thin  end  is  applied  fj 
the  timber  to  be  cleft^  and  the  thick  end  &tuc\ 
upon  by  an  hammer. 

Mathematicians  havclong debated  conceroin 
jhc  true  theory  of  the  wedge.  Himikon,  s'Gravc 
fand,  Dcliiguliersj  &c,  aflcrt  that  the  powpr  is  t^ 
jhc  rcfiftance,  as  half  the  back  to  the  heigh 
K,eil,  Whif^on,  Nicholfon,  &c.  fay,  that  it  is  astfc 
whole  of  the  back  to  the  height. 

There  are  many  natural  obftrucftiom  to 
complete  theory  of  the  wedge:  among  the;^ 
be  reckoned  the  fri(5lion,  the  clafticity,  and  l 
of  the  materials.  Indeed  the  theory  thereof  will 
probably  remain  for  a  long  nme  a  matter  of  ufclcf* 
ipccularion,  fince  it  is  connected  with  a  part  of 
pbyfifal  knowledge  of  Txhich  we  arc  at  prcfcni 
wholly  ignorant;  I  mean  the  nature  and  force  of 
adhcfion  in  bodies,  their  tenacity,  and  the  flexibi- 
lity of  the  fibres.  All  thefc  circumftances,  with 
many  others,  fliew,  that  the  expetimcnis  where 
preiTure  is  ufcd  as  a  power>  cannot  be  adduced  ^ 
illuftrating  the  theory  of  this  machine:  for  a  wedgCt 
rhcn  laden  with  a  vaft  weight,  will  have  fcarct 

-        •     tny 
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jny  cfFcfl  in  cleaving  wood ;  whereas  a  blow  upon  the 
lead  of  the  wedge^will  drive  iteafily  into  a  hard  bod)% 
^PercuJJion  puts  all  the  parts  of  the  wood  into  a  tre- 
mulous motion;  which,  by  difuniting  thcm»  Icflens 
the  ftickage,  and  thereby  facilitates  the  motion  of 
the   wedge*     It   has  been  alfo  thought,  that  the 
lotion  communicated  to   the  materials   may,  in 
Tome  degree,  contribute  to  the  force  of  the  wedge. 
1  lliould  therefore  fay  no  more  on  tlie  fubjecl 
of  the  wedge,  if  it  were  not  neceflary  to  explain  ta 
^ou  that  part  of  your  mechanical  apparatus  which 
conftruLted  to  prove  the  effects  of  the  wedge, 
fou  muft  however  perceive,  fron\  what  I  have  juft 
tow  mentioned,   that  this  part  of  the  apparatus 
^cannot  be  adequate  to  the  eftablilhing  any  theory. 
Experiments  made  therewith  will  ihew  the  power 
^e  wedge,  according  to  the  hypothefis  of  the 
ter,  but  t>ear  very  little  femblance  to  the  na- 
tural adion  thereof. 

The  two  pieces  of  brafs  E  H  and  G  H.  fig. 

h  P^'  5»  ^^^  joined  at  H,  H  by  a  hinge,  and  arc 

irawn  together  by  the  threads  h  i,  fg,  going  over 

^the  pulhes   i  and  g,  having  weights  at  the  lower 

end  of  the  cords.     If  a  light  wedge  be  dra\<n  into 

ihis  frame,  by  means  of  the  weight  r,  hanging  at 

le  cord  d  eD,  fattened  to  the  wedge,  and  going 

>ver  the  pulley  e ;  if  the  weight  L  be  in  the  fame 

proportion  to  the  weights  R,  I,  as  the  half  back  of 

the   wedge   is  to  either  of  it's  fides,  the  weight 

rhich  aOs  as  a  power  for  making  the  wedge  go 

Into  ihc  frame,   will   ballancc  the  weight  which 

lulls  the  fide  of  the  cleft,  as  a  refiftance  againft 

the  fides  of  the  wedge. 

Thus  fixteen  ounces  on  each  fide  will  baU 
incc,  or  be  equal  to  eight  ounces  of  power  at  the 
ick  of  the  wedge,  when  the  back  is  equal  to  the 
Bdes* 

only  half  the  length 
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©nc  of  the  ftdos,  four  ounces  of  power  will  b 
equal  to  fixtccri  ounces  of  rcfifta^cc  on  each  tide* 
/*f^*  5>  P^*  A»  i^   another  apparatus   for   il 
luftrating  the  nature  of  the  m edge.     I  K  L  M*  arn 
LMNO,  are  two  flat  pieces  o\  brafs  joined  toge 
thcr  by  a  hinge  at  LM;  FMs  a  graduated  arch 
braOs,  on  which  the  faid  pieces  of  wood  may  bi 
opened  to  any  angle  not  exceeding  lixty  degree 
^\\d  then  fixed  at  the  given  angle  by  means  of  th 
twofcrews  a  b;  I  K  N  O  rcpjcfents  the  back  of  th 
wedge,  and  IKl-M,  LM  iN  O  the  two  fides  of  ih 
wedge  againft  Mhicli  the  wood  adls  in  cleaving. 
By  means  of  the  arch  P,  the  wedge  may  be  f( 
opened^  as  to  adjuft  the  thicknefs  of  the  back  i 
any  proportion  to  the  length  of  cither  of  it's  fide; 
but  not  to  exceed  that  length;  and  any  weight,  i 
f^  may  be  hung  to  the  wedge  from  the  hook  at  th 
bottom  thereof,  which  weighty  together  with  th 
of  the  wedge,  is  the  impelling  power.     A  B.  an 
-CD,  arc  two  cylinders,  to  the  edges  w hereof  tw 
fiat  plates  are  fitted,  to  prevent  the  wedge  fro 
flipping  off  edgeways   from    between   them, 
fmall  cord  goes  over  the  pivot  at  the  end  of  eac 
cylinder  ;  the  cords  S,  T,  belonging  to  the  cylind< 
AB,  go  over  the  fixed  pullies  W  and  X,  and 
faflencd  at  the  other  end  to  the  bar  zv  x^  on  whio 
any  weight,  2,  may  be  hung.     In  like  manner  t^ 
cords  K^f^from  the  cylinder  DC,  go  over  il 
fixed  puUies  u  v  to  the  bar  vn^  from  which  a  weigl 
V,  equal  to  Z,  may  be  hung.     ThiTe  wcights/t 
drawing  the  cylinder  towards  one  another,  are  9 
be  coniidered  as  the  reiirtance  of  the  wood  adi^ 
equally  againll:  the  oppofite   fides  of  the  wedg9 
The  cylinders  move  on  two  bars,  which  are  iu^k 
ported  by  the  pillars  E,  F,  G,  H>  w  hen  the  back  ^ 
the  wedge  is  of  the  fame  length  as  either  of  the  (idfl 
The  wedge  w  ith  a  weight  p,  fuificient  to  make  m 
ecjual  to  forty  ouaccs,  will  be  in  eqtiilibrio  agak  ■ 

foM 
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forty  ounces  hanging  at  the  lines  belonging  to  ettch 
cylinder.  If  the  back  of  the  wedge  be  only  half 
the  length  of  the  fides,  it  will  be  in  equilibrio  with 
eighty  ounces  at  each  cylinder. 

To  the  wedge  ari  referred  the  axe  or  hatchet^ 
the  fpadc,  chiflcis,  needles,  &c.  in  a  word,  all  kinds 
of  inftruments  which,  beginning  from  edges  or 
points,  grow  gradually  thicker.  A  faw  is  a  num- 
oer  of  chiffcls  fixed  in  a  line ;  a  knife  may  be 
confidered  as  a  chiiTel,  when  employed  in  fplit- 
ting;  but  if  attention  be  paid  to  the  edge,  it  is 
found  to  be  a  fine  faw,  as  is  clear  from  it's  pro- 
ducing a  much  greater  effect  by  a  drawing  ftroke, 
than  would  have  followed  from  a  dired  adlion  of 
the  edge. 

One  confiderable  ufe  of  the  wedge,  is  the 

raifing  up  the  beam  of  a  houfc,  to  underprop  it, 

■^vhen  a  floor  begins  to  give  way,  by  rcafon  of  too 

great  a  burden  laid  upon  it ;  and  fo  much  force 

'^ay  be  applied  in  this  way,  that  fome  thoufand 

^ons  may  be  raifed  together  with  the  floor,  and  all 

'^cured  by  means  of  this  fmall  machine,  which  for 

^hia  purpofe  is  more  convenient  than  either  the 

fcrew  or  the  lever. 

Of  the  Screw. 

The  mechanic  power  that  next  prefents  itfelf 
fbr  our  confidcration,  is  t\\t  fcrew  /  a  machine  of 
great  efficacy  in  raifing  weights,  or  prefling  bodies 
^lofe  together. 

The  fcrew  confifl:s  of  two  parts;  the  firfl  is 
balled  the  male,  or  outfide  fcrew,  being  cut  in  fijch 
banner  as  to  have  a  prominent  part  going  round 
^he  cylinder  in  a  fpiral  manner,  which  prominent 
part  is  called  the  thread  of  tlfc  fcrew ;  the  other 
part,  which  is  called  the  female,  or  infidc  fcrew*  is 
*  folid  bgdy,  containing  an  hollow  cylinder,  whofc 

I  concave 
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concave  furfacc  is  cut  in  the  fame  mannrr  m  tbet 
convex  furface  of  the  male  fcrew^  To  ihat  the  pr 
mincnt  pans  of  the  one  may  fit  the  concave  pa 
of  the  other. 

One  part  is  commonly  Bxcdt  m  hilA  the  oib 
£1  turned  round;  and  in  each  revotutian  the  move 
able  part  is  carried,  in  thedircdion  of  the  cylimlcr, 
chrcMJgh  a  fpace  equal  in  length  to  the  interval  be- 
tween two  contiguous  threads;  whereby  the  Mf 
to  be  moved  is  carried  through  a  fpace  equal  ta 
that  interval,  which  therefore  expreiTcs  the  ve- 
locity of  the  weight  or  refiftance,  while  the  cir- 
cumference, which  is  defcribed  by  the  power 
whereby  the  moveable  part  of  the  fcrew  is  turad 
round,  exprefles  the  velocity  of  the  power. 

You  may  conceive  bow  the  fcrew  is  madcj  hf 
cutting  a  piece  of  paper  into  the  form  ofaiiii^ 
clined  plape,  and  ttien  wmpping  it  round  a  cj-i 
linder.    The  inclined  plane,  riilng  round  the  q- ' 
linder  in  a  fpiral  manncri  forms  what  is  called  the   | 
threads  of  the  fcrew.     Now  it  is  evident,  that  the   1 
fcrew  muft  be  turned  once  round,  before  thercfift-   I 
^ncc  can  be  rnoved  from  one  ipiral  winding  (Q 
another. 

A  fcrew  is  feldom  ufcd  without  the  applia- 
cation  of  a  lever  to  aflift  in  turning  it;  confc- 
qu'cntly,  as  much  as  the  circumference  of  a  circle 
dcicribed  by  this  handle  or  winch,  is  greater  than 
the  intervals  or  diftance  between  the  fpirals,  fo 
much  is  the  force  of  the  fcrew. 

Thus,  fuppofing  the  diftance  between  the  fpi- 
rals to  be  half  an  inch,  and  the  length  of  the  winch 
to  be  twelve  inches,  the  circle  defcribed  by  th? 
handle  of  the  winch,  where  the  power  ads,  i? 
nearly  76  inches,  or  1^2  half  inches,  and  confe- 
^quently  152  times^'great  as  the diftances  between 
the  fpirals;  and  therefore  a  power  at  the  handles, 
where  the  power  adls^  of  fio  rpore  fhan  one  pound. 
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'vill  ballance  152  pounds  afting  againft  the  fcrew; 
and  as  much  additional  power  as  is  fufficient  to 
overcome  the  friftion,  will  raife  the  152  pounds. 
I  There  is  therefore  an  equilibrium  on  the  Jcirezv^ 

'  v:htn  the  potver  is  to  the  weighty  as  the  dijlance  be^ 
\  txeen  two  contiguous  threads  is  to  the  circtitn^ 
\      ference  defcribed. 

\  A  very  conlidcrable  degree  of  fridlion  always 

*      a6b  againft  the  force  of  the  power  in  a  fcrew,  but 
j      this  is  fully  compenfatcd  by  other  advantages;  for 
1     on  this  account  the  fcrew  continues  to  luftain  * 
I     weight  even  after  the  power  is  removed,  or  ccalc* 
,      to^,  and  prefles  upon  the  body  againft  which  it 
?     is  driven.     Hence  the  fcrew  will  fuftain  very  great 
M'cights;  fo  that  feveral  fcrews,  properly  applied, 
Would  fupport  a  large  building,  while  the  founda- 
tion was  mending,  or  renewed. 

Of  the  Endless  Screw. 

Sometimes  a  fcrew  is  applied  to  a  wheel,  fo  as 
^oferve  as  a  pinion;  it  is  then  called  an  endlefs 
Jcrew^  being  one  that  turns  on  an  axis,  and  may  be 
turned  perpetually.  The  teeth,  or  threads,  of  this 
^rcw  fit  cxaclly  into  the  &ccth  of  a  wheel,  which 
«ire  cut  obliquely  to  anfwcr  thereto;  fo  that,  as  the 
^xis  turns  round,  the  threads  of  the  fcrrw  take  hold 
of  the  teeth  of  the  wheel,  and,  by  turning  it  round, 
raife  the  weight. 

The  fmail  apparatus  before  you,  fce/^.  3,  pL  5^ 
which  is  furnifticd  with  an  cndlcfs  fcrew,  will  be 
ruflicicnt  to  illuftratc  the  nature  of  it's  force,  or 
mechanical  advantage. 

The  wheel  G  has  a  fcrew  on  it's  axis,  working 
in  the  teeth  of  the  wheel  D,  which  fupppfe  to  be 
48.  It  is  plain,  that  for  every  time  the  wheel  C, 
and  fcrew  a  b,  are  turned  round,  the  wheel  D  will 
be  moved  one  tooth  by  the  fcrew ;  and  therefore, 

in 
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in  4S  revolutions  of  the  fcrew^  the  wheel  will  have, 
turned  once  round. 

The  diameter  of  the  groove  in  the  circle  C, 
is  equal  to  the  diameter  o?  the  groove  round  die 
wheel  D ;  but  the  velocity  of  the  wheel  C,  is  40 
times  the  velocity  of  the  wheel  D.  Confequendjw 
ff  a  line  goes  round  the  groove  of  the  wheel  D|iol 
has  a  weight  of  48  oz.  fufpended  from  it's  lower 
point,  it  will  be  ballanccd  by  a  weight  of  one. 
ounce  fufpended  from  a  firing  going  round  the 
groove  of  the  wheel  C. 

If  the  line,  inftead  of  going  round  the  groove 
bf  the  wheel  D,  goes  rouna  it*s  axis^  the  power  of 
the  machine  will  be  as  much  increafed  as  the  cii- 
cumference  of  the  groove  exceeds  the  circum- 
ference of  the  axis ;  which,  if  it  were  fix  timcsi 
one  ounce  at  H  would  ballance  fix  times  48,  or 
288  ounces  fufpended  from  the  wheel  C;  fothit 
the  power  or  advantage  gained  is  as  288  to  !• 
That  is  to  fay,  a  man,  who  by  his  natural  ftrcngth 
could  lift  an  hundred  weight,  will  be  able  to  raifc 
288  hundred,  or  14-^^  ton  weight  by  this  engine. 

The  teeth  of  the  wheel  rauft  be  cut  obliquely 
to  anfwer  the  threads  of  the  fcrew,  fuppofing  it  to 
lie  in  the  plane  of  the  wheel,  and  therefore  the 
wheel  will  be  afted  on  obliquely  by  the  fcrcw. 
To  remedy  this,  the  fcrew  may  be  placed  oblique 
to  the  wheel,  in  fuch  a  polition,  that  when  the 
tct'th  are  cut  ftrait  or  perpendicular  to  it's  plane, 
the  teeth  of  the  fcrew  may  coincide  with  and  fit 
them,  and  the  force  be  direded  along  the  plane  of 
the  v\hecl. 

At  fijr^  3,  pL  4,  is  rcprcfented  another  appa- 
ratus for  Ihcwing  the  power  of  the  fcrew.  Here 
the  trnnrvcrfc  arm  is  placed  above  the  beam;  a5 
K  L  E  isT  a  fcrew,  M  the  female  fcrew  ;  the  upper 
part  of  the  axis  of  tl^fe  fcrew  palVcs  through  a  hole, 
which  prevents  the  fcrew  from  any  wabbling  n  o- 
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tion;  G  IS  a  wheel  attached  to  the  fcrew;  a  firing 
is  wound  round  this  wheels  and  goes  off  on  that 
£deof  the  wheel  which  is  next  the  tranfverfe  arm, 
and  fo as  to  be  a  tangent  to^  and  go  over  the  pulley 
H,  at  the  other  end  of  the  tranfverfe  arm,  and 
lumging  down,  any  weight,  as  a  power,  to  force 
down  the  fcrew,  may  be  fufpendcd.  The  point  of 
the  fcpew  prefles  upon  one  end  of  the  beam,  while 
the  refiftancej  or  counterpoife,  is  placed  at  the 
other. 

The  fcrew  is  of  excellent  ufe,  not  only  in  it- 
fclf,  for  railing  great  weights,  and  other  purpofes, 
but  in  Tthe  conftruclion  of  feveral  forts  of  com- 
pound engines. 

The  fcrew,  fin  movinjg  a  body,  ads  like  an  in- 
clined plane.     For  it  is  juft  the   fame  as  if  an 
^'^clincd  plane  was  forced  under  a  body  to  raife  it ; 
jfhe  body  being  prevented  from  flying  back,  and  the 
°*ft  of  the  plarte  being  driven  parallel  to   the 
"c>rizon. 

The  ufe  of  this  power  is  very  great.     It  is  of 

8**^at  fervicc  for  fixing  fcvcral  things  together  by 

^"^^  help  of  fcrcws;  it  is  likewife  very  ufcful  for 

I'^Vaeezing  or   prcffing   things  clofe  together,   or 

^*" making  them;  alfo  for  railing  or  moving  large 

^c^dies.     The  fcrew  is  ufcd  in  prefles  for  wine,  oil, 

^*"  for  fqueczing  the  juice  out  of  any  fruit.     The 

^*^ry  friction  of  this   machine  has  it's  particular 

^fc;  for  when  a  weight  is  raifcd  to  any  height,  if 

^He  power  be  taken  away,  the  fcrew  will  retain  it's 

t^ofition,  and  hinder  the  weight  from  defcending 

^gain  by  it's  fridion,  without  any  other  power  to 

tuftain  it. 

In  the  common  fcrew,  fuch  as  is  here  fup- 
pofed,  the  threads  arc  all  one  continued  fpiral^ 
from  one  end  to  the  other ;  but  where  there  arc 
two  or  more  fpirals,  independent  of  one  another,  as 
iu  the  worm  of  a  jack,  you  mull  meafure  betwcca 

thread^ 
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thread  and  throtd  of  the  Ikme  (pind^  iA  cotftputinl; 
the  power. 

O/amicromeUr/crew.  The  fcfeW  Is  <ppUcd 
to^  fo  many  u(es»  that  it  would  be  itapolfibte  t^ 
enumeraK  them  all.  Among  other  puipdfesi  it  h 
applied  to  ffreat  advantage  for  mealiii^ii^  or  fubdi- 
viding  fmall  fpaces:  when  ufed  for  this  purpofe^  ii 
is  called  a  micrometers 

For  this  purpofe^  a  fcrew  is  to  fitted  to  M 
inftrument^  that  it  may  be  turned  rounds  or  moved 
on  it's  axis«  without  inoving  backwards  or  fixy 
wards  lengthways.  A  circular .  plate  js  fitted 
upon^  and  at  right  angles  to  the  fcrew.  That 
is  a  fenuile  fcrew  fitting  on  the  other^  whtdi 
carries  a  piece  with  a  line  to  mark  otit  die  divi^ 
fions  it  pafles  over  on  the  bar. 

Supi>ofe  the  fcrew  to  have  fifty  turns,  of 
threads^  in  an  inch^  the  edge  of  die  plate  is  &,^ 
vided  into  an  hundred  equal  parts.  Suppofe  the 
divifion  on  the  plate  of  the  fenule  fcrew  to  be 
fituatcd  between  two  of  the  divilions  on  the  bar, 
by  the  micrometer  it's  diftance  from  cither  ii 
cafily  difcovered. 

To  efFeft  this,  turn  the  fcrew  till  the  line  ofl 
the  female  fcrew  cxadly  coincides  with  one  of 
the  divifions,  and  the  number  of  turns  on  the 
fcrew,  in  producing  the  coincidence,  will  give  the 
fiftieth  part  of  an  inch,  and  the  odd  divilions  on 
.  xh£  plate  will  ihew  the  number  of  hundredth  parts 
of  one  turn  ;  that  is  to  fay,  the  hundredth  parts  of 
one-fiftieth  of  an  inch,  or  the  five  thoufandth  part 
of  an  inch. 

A  GrNERAL  Remark* 

From  what  has  been  fliewn,  and  pfo^r6d  i9 
you,  it  follows,  that  the  mechanic  powers  depend 
on  one  eafy  principle;  a  principle  by  *rhich  yoa 
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ly  compute  the  power  not  only  pf  fimple,  but  of 
iipound  engines. 

It  we  confidcr  bodies  in  motion,  and  compart 
n  topether,  we  may  do  it  either  with  refpedl  to  . 

; uantities  of  matter  they  contaih,  or  the  vela- 
rs with  which  th,ey  are  moved.  The  heavier 
'  body  ii,  the  greater  is  the  power  required^ 
her  to  move  or  flop  it's  motion.  And  again^  the 
ifter  it  moves,  the  greater  is  it's  force*  So  that 
:  whole  momentum,  or  quantity  of  force,  in  a 
)vingbody,  is  the  refultof  it's  quantity  of  matter, 
illiplied  by  the  velocity  With  which  it  is  moved  j 
i  when  the  produdls  arifing  from  the  multi- 
cation  of  the  particular  quanciries  of  matter,  in 
^two  bodies,  by  their  rcfpedive  velocities,  are 
Jal,  the  moments^  or  entire  forces,  are  fo  too. 

Example.  Suppofe  A  to  wei£jh  forty  pounds, 
i  to  move  at  the  rate  of  two  miles  in  a  minute; 
i  6  to  weigh  only  four  pounds,  and  to  move 
enty  miles  in  a  minute;  the  entire  forces  with 
lich  thcfc  two  bodies  will  ftrike  againft  any  ob- 
:le,  will  be  equal  to  each  other,  and  it  would  . 
'refore  require  equal  powers  to  flop  them;  for 
multiplied  by  2  gives  80,  the  fame  as  is  pro- 
red  by  multiplying  4  hy  20. 

This  principle  extends  through  the  whole  of 
chanics.  When  two  bodies  ar^  fufpended  by 
'machine,  fo  as  to  ad:  contrary  to  each  other, 
the  machine  be  put  iato  morion,  and  the  per- 
idicular  afccnt  of  one  body,  multiplied  into  it's 
ght,  be  equal  to  the  pcrpenJicular  defcent  of 

other  body,  multiplied  into  it's  weight,  thefc 
lies,  howdver  unequal  in  their  weights,  will  baU 
:e  one  another  in  all  fituations ;  for  as  the 
Jlc  afcent  of  the  one  is  performed  in  the  fame 
e  as  the  whole  defcent  of  the  other,  their  re- 
vive velocities  mufl  be  diredUy  as  the  fpaccs 
f  move  through ;  and  tho  excefs  of  weight  ia 

body,  is  compcnfatcd  by  the  excefs  of  vdo- 

Vol.  hi,  X  '  city 
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city  in  the  other:  fo  that  you  may  compute  die , 
power  of  any  mechanical  engine^  by  finding  hof^j 
much  fwiftcr  the  power  moves  than  the  wcij^rj 
that  is,  how  much  further  in  the  lame  time;  ano: 
jullfo  much  is  the  power  increafed  by  the  helpoif 
the  engine. 

The  PropertieI  of  the  Lrver  applied  to  utr 

VESTIGATE  THE  STRENGTH  OP  BODIRS.^  * 

WTien  the  two  arms  of  a  lever  arc  not  in  %'\ 
right  line,  but  contain  an  invariable angle^  as  atQi] 
fig.  1 6,  p/.  I,  the  law  of  eauilibrium  is  the  fiuqeii^. 
I  have  already  explained;  that  is^  if  the  power  Fb^ 
applied  to  the  arm  CB,  and  the  weight  Wj  W 
means  of  a  pulley^  in  the  perpendicular  diredioa^ 
A  M,  on  the  arm  C  A,  the  pow  er  and  weight  will 
fcftain  each  other,  if  P  be  to  W  as  C  A  to  C& 

If  fcveral  powers  adt  upon  the  arm  C  A,  fid. 
their  center  of  gravity,  A,  on  the  arm  CA^fiA 
fuppofc  all  the  powers  to  be  united  there;  andif 
the  power  P  be  to  their  fum  as  C  A  to  C  B,  it  wiD 
fuftain  them. 

The  fum  of  the  powers  being  given,  it  is  mani- 
fcft,  that  the  farther  their  center  of  gravity  is  re- 
moved from  their  center  of  motion  C,  the  greater 
the  refiftance  they  will  oppofe  againft  the  power  P, 
and  it  will  require  the  greater  force  in  the  power, 
to  ovcrcoine  them. 

From  this  Ca/i/eo  juftly  concludes,  that  iht 
bones  of  animals  are  jlrongcr  for  being  boll(nff> 
Their  weight  being  given,  if  C  B  F  repreient  their 
length,  the  circle  C  H  D  a  fe^^ion  perpendicular 
to  that  length,  and  Pany  power  applied  along  thdr 
length,  tending  to  break  them;  then  the  ftrength(tf 
force  of  all  their  longitudinal  fibres,  by  which  the 
^dhcfion  of  the  pans  is  prcfervcd,  may  be  con- 
ceived 

*  Maclaurin's  Sir  Ifoac  Kewton'ft  Ph^obphkal  DiTcovcric^ 
p.  i68., 
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cived  to  be  united  in  A,  the  center  of  gravity  of 
ic  circle  C  H  D,  which  is  the  common  center  of 
;ravity  of  thofe  forces,  whether  the  fedion  be  a 
ircle  or  a  ring.  But  it  is  plain^  that  the  diftancc 
2  A  of  the  center  of  gravity  is  greater  when  the 
GcSion  is  a  rhig^  than  when  it  is  a  circle  without 
pjr  cavity;  confcqucntly  the  power  with  which  the 
lots  adhere,  and  which  xeiift  againft  P,  that  en- 
deavours to  feparate  them,  is  greater  in  the  fame 
proportion. 

For  the  fame  reafon,  the  ftalks  of  corn,  the 
feathers  of  fowls,  and  hollow  fpears,  are  lefs  liable 
10  accidents  that  tend  to  break  them,  than  if  they 
were  of  the  fame  weight  and  length,  but  folid, 
without  cavity. 

In  this  inftancc  we  find,  therefore,  that  art 
^y  imitates  the  zvijdom  Jheivn  in  nature. 

In  fmiilar  bodies,  engines,  or  animals,  the 
greater  are  more  liable  to  accidents  than  the 
Icflcr,  and  have  a  lefs  relative  ftrength;  that  is,  the 
greater  have  not  a  ftrength  in  proportion  to  their* 
magnitude.  A  greater  column,  for  example,  is  in 
much  more  danger  oi  being  broke  by  a  fall  than  a 
fimilar  fmall  one.  A  man  is  in  greater  danger 
from  accidents  of  this  kind  than  a  childj  an  mitSL 
can  bear  a  weight  many  times  greater  than  itfelf ; 
•whereas  a  large  animal,  as  a  horfe,  can  hardly  bear 
I  burden  equal  to  his  weight. 

To  account  for  this,  it  is  fufficicnt  to  (hew, 
that  in  fimilar  bodies  of  the  fame  texture,  the  force 
»hich  tends  to  break  them,  or  to  make  them  liable 
^hurtful  accidents,  incrcafes  in  the  greater  bodies 
H  a  higher  proportion  than  the  force  which  tends 
0  prefcrve  them  entire,  or  fccure,  againft  fuch 
ccidents. 

Thus,  let  us  fuppofe  thefe  cylindric  beams 

BDE,    FGHK,   fig.  iS,   pi.  I,  fixed   in  the 

nmoveable  walj  I  L,  and  let  us  abftjaft,  in  the 

X  2  prefcnc 
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fize;  and  if  there  were  any  land  animah 
larger  than  thofe  we  .know»  they  could 
move^  and  would  be  perpetually  fubjeded  toi 
dangerous  accidents.    As  to  die  animals  of  i 
Jea^  the  cafe  is  different^  as  the  gravity  of  diei 
in  a  great  meafure  fuft&ins  theft  -animals, 
does  it  avail  to  advance  againft  this,  that 
have  been  found  which  were  fuppofed  to  have  I 
longed  to  giants  of  an  immenfe  fize,  fuch  as  \ 
(keletons  mentioned  by  Sirabo  and  Pliny ^  of  wh 
one  was  60^  the  other  46  cubits  high ;  for  nai 
hiftorians  from  juft  grounds  have  concluded, 
in  fome  cafes  the  bones  were  thofe  of  elepli 
and  in  others  thofe  of  whales,  brought  to  the  p 
where  they  were  foUnd  by  fome  of  thofe  revobh^ 
tidns  that  have  happened  in  pad  ages. 

From  what  has  been  faid  it  clearly  followvj 
that  to  make  bodies,  engines,  or  animals  of  equsl7 
relative  ftrcngth,  the  greater  ones  muft  have  grofo 
proportions.  Thus,  in  order  that  the  great  cylinder 
A  B  D  E,/j^.  i6j  />/.  1,  may  be  as  firm  and  fecurt 
againft  accidents  as  the  kffer  cylinder  FGHK, 
;he  fedion  ARE  and  it's  diameter  A  E  muft  be 
incrcafcd,  till  the  clibrt  arifing  from  the  adhefiiffl 
of  the  pares  bears  as  great  proportion  to  the  cfibrt 
that  tends  to  overcome  thiis  adhefion  in  the  greater 
as  in  the  lefler  cylinder:  and  this  fcntiment  being 
fliggcfted  to  us  by  continual  experience,  we  natu^ 
rally  join  the  idea  of  greater  ftrength  and  force 
with  the  groflTer  proportions,  and  of  agility  witlj 
t:he  more  delicate  ones. 

In  architc^flurc,  wher-c  the  appearance  of  foli- 
dity  is  no  lefs  regarded  than  real  firmnefs  aiu) 
ftrength,  this  is  particularly  confidered,  in  order  to 
fiitisty  a  judicious  eye  and  tafte,  the  varioui 
prders  of  the  columns  ferving  to  fuggcft  differeaC 
ideas  of  ftrength.  But  by  the  fame  principle  if  we 
(hould  fuppofc  animals  vaftly  large,  from  the  groft 
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P^'oportions,  a  heavincfs  and  unwieldinefs  would 
*nfc,  which  would  make  them  ufelefs  to  thcmfcl vcs, 
*nd  difagrecable  to  the  eye.  In  this  as  in  all  other 
^*fts,  whatever  generally  pleafes  tafte,  not  vitiated 
*^y  education,  or  by  fabulous  and  marvellous  rela- 
tions, may  be  traced  till  it  appears  to  have  a  jufl: 
foundation  in  nature ;  though  the  force  of  habits 
isfo  ftrong,  and  their  elFefts  upon  our  fentiments 
fo  quick  and  fudden,  that  it  is  often  no  cafy  matter 
to  trace  by  reflection  the  grounds  of  what  we  find 
Jlcafing. 

If fevefal  pieces  of  timber  be  af plied  to  any 
wtbanical  ufe  where  Jlrength  is  required ;  not  only 
^he  parts  of  the  fame  piece  ^  but  the  fever  at  pieces  in 
te^ard  to  one  another,  ought  to  befo  adjujledfor  Jize, 
that  the  flrengtb  may  be  alzvays  proportional  to  the 
Jrefs  they  are  to  endure. 

This  propofition  is  the  foundation  of  all  good 
nwchanifm,  and  ought  to  be  regarded  in  all  forts 
of  tools  and  inftruments  we  work  with,  as  well  as 
in  the  fevcfral  parts  of  any  engine.  For  who  that 
iiwifc,  will  overload  himfclf  with  his  work  tools, 
or  make  them  bigger  and  heavier  than  the  work 
requires  ?  Neither  ought  they  to  be  fo  flcnder  as 
not  to  be  able  to  perform  their  office.  In  all  en- 
gines, it  mwft  be  confidered  what  weight  every 
beam  is  to  carry,  and  proportion  the  ftrength  ac- 
cordingly. All  levers  muft  be  made  ftrongcft  at 
Replace  where  they  are  ftraincd  the  moft;  in  le- 
xers of  the  firft  kind,  they  muft  be  ftrongeft  at  the 
fupport;  in  thofeof  thefecond  kind,  at  the  weight; 
in  thofe  of  the  third  kind,  at  the  power,  and  di- 
'^inifli  proportionally  from  that  point.  The  axles 
of  wheels  and  pullies,  the  teeth  of  wheels,  which 
bear  greater  weights,  or  aA  with  greater  force, 
nwift  be  made  ftronger;  and  thofe  lighter  that 
kavc  light  work  to  do.  Ropes  muft  be  fo  much 
Wronger  ojr  weaker,  as  they  have  more  or  lefs  ten- 
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fion  ;  and  in  general j,  all  the  paiti  of  a  imcbimi 
muft  have  fuch  a  degree  of  ftrer^gth  utoht^bU 
to  perform  their  olfice^  and  no  more.  For  an  ezccA 
of  ftrength  in  any  part  does  no  good,  i>iic  adds  «H 
nccelTary  weight  to  the  machine^  which  dogi  uA 
retards  it's  motion,  and  makes  it  languid  aoddodt 
and  on  the  other  hand,  a  dcfcd  of  ftrength  tfhm 
it  is  wanted,  will  be  a  means  to  make  (he  m^l^ 
fail  in  that  part,  and  go  to  ruin.  So  hccefla{j  it 
is  to  adjuit  the  llrength  to  the  ftfefs,  that  ag9(4 
mechanic  will  never  negled  it;  but  will  connive 
all  the  parts  in  due  proportion^  bv  which  nueant 
they  will  iaft  all  alike,  and  the  whole  machine  will 
be  difpofed  to  fail  all  at  once.  And  thta  will  CKf 
diftingiiiih  a  good  mechanic  from  a  bad  onCi  *bQ 
cither  makes  fome  parts  fo  defe<fltve«  irnpcrfed| 
and  feeble,  as  to  fail  very  foon ;  or  nukes  oihtn 
fo  ftfong  or  clumfey,  as  to  outlaft  all  the  reft. 

From  this  general  rule  it  follows^  that  i>  jS^-t  I 
veral  pieces  cf  fimter  of  t  hi  fame  fori  ^  or  in  different  I 
paris  of  the  jfa^ne  piece ^  the  breadth  multiplied  by  ibe 
fquare  of  the  depths  inuft  be  as  the  length  multipWd 
by  the  zveigbt  to  b^  borne ;  for  thei>  the  ftrength 
will  be  as  the  ftrcfs. 

The  breadth  multiplied  by  the  fquare  of  tbt 
depth,  and  divided  by  the  product  of  the  length  aui 
iieighf>  nivji  be  the  fame  in  all. 

One  obfcrvation  more,  before  I  quit  the  doc- 
trine of  equilibrium  or  fcience  of  ftatics,  which  it^ 
to  inform  you  that  the  writings  of  the  Ptatonip 
and  Pytbagortwfs  cannot  be  properly  undern<)od. 
without  a  knowledge  thereof.  Their  alluftons  to 
arithmetic,  geomeiryy  and  Jlatics,  arc  very  nume- 
rous ;  arithmetic  they  conlidered  as  the  fcience  of 
mind;  geometry  ^%  the  fcience  of  etbicf  or  moral 
virtue ;  and  under  Jlatics  they  couched yW/V/4ry and 
political  knowledge. 

They  cxprcflld  their  notions  pf  the  principln 
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of  all  things  innumbers;  and  meafure,  a  geometrical 
term,   was  applied  to  moral  action  and  virtue,  as 
fctting  due  bounds  to  the  pafllons  of  the  foul,  mark- 
ing out  the  lines  of  every  duty,  and  afcertaining 
the  exad:  medium  between   the  too  little  and  the 
too  much,  in  every  atfedtion,  energy,  and  aftion. 
Mankind  in  general  have  agreed  with  thefe  philo- 
fophers,  to  ufe  metaphors  taken  from  ftatics,  to 
exprefs  their  opinions  of  the  different  degrees  of 
merit  and  demerit^  the  fubjedt  of  political  juftice,. 
Thus  the  terms  heavy  and  light  are  every  where 
applied  to  crimes  and  punijbments.     Thus  likewife 
^n  important  fervice  to  the  ftate  is  termed  weighty 
and    momentousy  whilft  all  little  ones  are  terme4 
light  and  oifmall  moment.     Hence  in  all  ages  the 
ballance  has- been  acknowledged  as  a  fit  emblem  of, 
difirihutive  or  civil  juftice  ;  and  the  re 3 angular 
rule  or  plumb-line  has   been   underftood  to  be  ^ 
fymbol  or  mark  aptly  reprefentativc  of  comrnu^ 
tarive  juftice.     And  the  worth  or  ziright  of  each- 
part  of  the  political  fyftem  is  to  be  eftimated  by 
the  greater  or  lefs  importance  or  moment  of  it,  to 
the  preservation  of  the  fyltem ;  and  by  it's  greater 
or  lefs  propcnfity  to  adhere  to  the  center  of  all 
civil  union,  the  laws  of  the  civil  conftitution. 

Of  Compound  Engines, 

You  have  no  doubt  been  often  aftoniihed  at 
the  vaft  variety  of  compolition,  of  which  feveh 
iimplc  notes  are  fufceptible,  and  have  contemplate^ 
with  immenfe  plcafure  the  great  quantity  of  wordsf 
formed  from  the  twenty-four  letters  of  the  alpha- 
bet, and  the  infinity  of  numbers  produced  iron\ 
unity*  In  the  fame  manner,  from  the  fimple  ma- 
chines I  have  defcribcd  to  you,  compounded  ones 
are  formed  by  various  combinations,  fo  as  to  ferve 
for  different  ][)urpofes,  and  yet  the  (amc  genera^ 

lavr 
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law  takes  place  that  I  have  already  described  to 
youj  namely,  that  the  power  and  wei(^c  fuftaim 
each  other  when  they  are  in  the  inverfe  proportion 
of  the  Velocities  they  would  have  in  the  diredion 
wherein  they  aft,  if  they  were  piit  in  motion. 

The  mechanical  powers,  according  to  their 
different  ftrudure,  ferve  for  d liferent  purpofes;  and 
it  is  the  bufinefs  of  tlie  fkilful  mechanic  to  chufe 
or  combine  them  in  the  manner  that  may  be  bcft 
adapted  to  produce  the  effeft  required.  Befides 
rainngof  weights  aiid  overcoming  rcfiflances,  one 
of  the  mo(%  uj^ful  problems  in  this  (cience,  is  that 
of  making  a  regular  movement  that  may  ferve  to 
meafure  time  with  accuracy.  It  may,  however,  be 
proper  to  obferve  to  you  here,  that  machines  fcl- 
dk>m  owe  their  origin  or  improvement  to  confide- 
rations  deduced  from  the  laws  of  motion  ;  they  arc 
derived  from  other  fources.  It  is  from  long  ex- 
perience of  repeated  trials,  errors,  deliberations, 
corrections,  &c.  continued  throughout  the  lives  of 
individuals,  and  by  fucceflive  generations  of  them, 
that  the  practical  fcicnces  derive  their  gradual  ad- 
•vancement  from  aukward  beginnings  to  their  moft 
perfect  fta.e  of  excellence. 

To  be  a  good  mcchanift  requires  the  labour 
of  a  whole  life;  it  is  an  arc  rather  perfcdled  by 
pradice  than  theory  ;  the  principles  of  mechanifm 
may  be  learned  in  books,  but  the  art  muft  be  ac- 
quired by  experience. 

The  knowledge  of  machines,  in  a  theoretical 
view,  confifts  in  knovvinct  how  to  employ  a  given 
power,  fo  as  to  produce  a  required  efFcct.  To  this 
end,  it  is  necefliiry  in  the  iirft  inftance  to  know 
accurately  the  nature  and  value  of  the  power  to  be 
employed,  and  then  to  c  onfidcr  of  the  means  and 
manner  of  applying  this  power  to  the  bodies  to  be 
put  in  motion,  fo  tui  to  obtain  moft  advantageoufly 
l^c  dclired  eficd. 

If 
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If  this  cfleL^  can  be  ohuincd  by  fimplc  ma- 
chines, IE  is  ufclcrs  CO  employ  thofc  that  arc  com^ 
pound  ;  if  a  fimple  one  is  not  fuffident  to  anfvvcr 
the  purpofc,  you  mull  then  have  recourfe  to  thoft 
^hac  are  compound. 

To  COMPUTE  THE  PoWERS  OF  COWPOUKD  ENGINES* 

As  notwithftandmg  the  combination  of  fimplc 
achincs  they  llill  preferve  their  properties,  the 
rinciplesi  have  already  laid  down  will  be  Ibund 
f&ctent  for  computing  the  effedls.  !•  To  dif- 
over  the  mechanical  power  of  any  engine,  it  will 
c  fuRicient  to  meafure  the  fpace  defcribed  in  the. 
fame  time  by  the  power  and  the  refiftancc  ;  for  the 
power  always  baJlances  the  weight,  when  it  is  in 
the  fame  proportion  as  the  velocity  of  the  v/cight 
to  the  velocity  of  the  powen  Or,  2-  By  fetting 
own  the  ratios  of  the  power  to  the  weight  on 
ach  mechanical  power,  the  fum  ofthefe  will  be 
he  ratio  of  the  power  to  the  weight ;  for  when  the 
tio  of  the  power  to  the  weight  is  equal  to  the 
fum  of  the  ratios  exprefTuig  the  power  and  weight, 
there  will  be  an  equilibrium  on  each  iiiechanie 
power. 
Or, 

1,  Divide  the  machine  into  all  the  fimple 
ones  of  which  it  is  formed ;  then  begin  at  the  power 
and  call  it  one,  and  by  the  properties  of  the  me- 
chanical powers  fmd  the  forces  in  numbers  which 
ihe  firft  fimple  machine  exercifcs  upon  the  fecond* 
tall  this  force  one^  and  find  the  force  in  numbers 
with  which  it  aAs  upon  the  third  ;  and  putting 
ihis  force  as  one,  difcover  it's  a*5tion  on  the  fourth 
hi  numbers,  and  fo  on  to  the  laft.  Then  multiply 
■i|hefe  numbers  together,  and  the  produft  will  be 
P^force  of  the  m:ichint%  fuppofing  the  firil power 
one* 
I  1.  For 
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s.   for  wbtel  iv^rk^   ukc    the  prodtift  df  die 

:r  of  teeth  in  ail  the  wheels  that  ac'l  upon  or 

athcrs  for  the  powcfj  and  the  product  of  i\\q 

in  all  the  uhcch  ftnovcd  by  them   for  the 

,|^nt :  or  inflcad  of  the  teeth  take  the  dianittcr, 

Othcrwife  thus  ; 

In  wheel  workt  there  arc  always  two  wheels 
fid  upon  one  axisj  or  elle  one  wheel  and  a  piniOHj 
I      rrel  which  fuppliei  the  place  of  a  wheel, 
*  ^Jthefe  call  that  wheel  ihz  leader  which  ii 
I        I  upon  by  the  power*   or   fomc  other  wheel ; 
■%ll  the  other,  which  is  upon  the  fame  axis*  the 
-Tj    driving  another    wheel  forward.     The 
receives  the  motion,  the  follower  gives  it. 
1  hen  having  the  number  of  tecthi  or  the  diar 
meter  ofeachj  take  I  be  pro  Ja  .7  of  a!!   fh-   hjdm 
Jqt  the  'iveighis,  and  the  frodu5i  of  all  the  fallovLitl 
for  the  poxver. 

The  produd:  of  all  the  leaders  gives  alfo  the 
velocity  of  the  power,  the  produd  of  all  the  fol" 
lowers  the  velocity  of  the  weight. 

The  principles  being  clear,  it  will  be  fupcr* 
duous  to  enter  into  the  examination  of  a  great 
pumber  of  machines  ;  a  few  will  be  fufficicnt  t(^ 
irender  you  matters  of  the  fubjech 

Of  Smeaton's  Fullies. 

I  have  already  noticed  to  you  fomc  combfna-' 
fions  of  pullies.  The  confl:ru(^tion  of  this  nKcha- 
nical  engine  is  fo  fimplc,  that  it  is  of  little  import- 
ance whether  it  be  conlidered  under  the  head  of 
fimple  or  compound  engines.  Some  variations  ini 
the  conftrudions  thereof  have  been  already  no- 
ticed :  I  fhall  now  lay  before  you  the  conftrudion 
of  a  tackle  of  puUies,  contrived  by  that  excellent 
mechanic  Mr.  Smeaion,  and  which  is  not  fomucb 
kijown  dfi  it  deferves  to  be. 


Ow  THE  MECHANICAL  PoWMS.  31^ 

The  puUies  arc  in  general  arranged  in  their 
blocks,  by  being  placed  one  by  the  fide  of  the  other 
on  their  pin,  or  one  diredtly  under  the  other  upon 
feparate  pins ;  but  in  either  of  thefe  modes  an 
inconvenience  arifcs  if  more  than  three  pullics  arc 
framed  in  one  block. 

If,  according  to  the  firft  method,  three  pul- 
lies  are  placed  by  the  fide  of  another,  as  the  laft  line 
by  which  the  draught  is  made,  (or  the  fall  of  the 
tackle,  as  it  is  commonly  called)  muft  neceflarilf 
be  upon  the  outfidc  pulley,  the  diftercnce  of  their 
friction  will  give  it  fo  great  a  tendency  to  draw  the 
block  awry,  that  as  much  will  be  loft  by  the  rub- 
bing of  the  puHies  againft  the  block  on  account  of 
it's  obliquity,  as  wiji  be  got  by  increafingthc  num- 
ber of  lines. 

The  fecond  method  is  free  from  this  objec- 
tion ;  but  as  the  length  of  the  two  blocks  taken 
together  muft  be  equal  to  the  fum  of  the  diainetcr;s 
of  the  fix  pullics,  bcfidcs  the  intervening  fpaces  for 
the  ropes,  and  the  neceflary  appendages  of  the 
framing,  they  would  run  out  into  fuch  an  incon- 
venient length,  as  to  deducft  very  confiderably  from 
the  height  to  which  the  weight  might  otherwife 
have  been  raifed. 

Hence  it  is  evident  that  no  very  great  pur- 
chafe  can  be  obtained  by  the  common  cackles  of 
puHies  alone;  to  incrcafc  it's  power,  a  fecond 
tackle  is  foraetimes  fixed  upon  the  fall  of  the  firft^ 
but  here  the  height  to  which  the  weight  might 
have  been  raifed  by  the  firft  will  be  lefs  in  the 
fame  proportion  as  the  purchafe  is  incrcafcd  by  the 
fecond. 

Thcfe  impediments  arc  obviated  by  Mr.  Smea- 

ton's  contrivance;  the  pulliesarc  here  (Ji^.  6,/)/.  5,) 

placed  in  each  block  in  two  tier,  feveral   being 

placed  upon  tne  fame  pin,  as  in  the  firft  method  ; 

I  evcrjr 


3t8     Lectitres  on  Naturjii.  Pnrtosoriiy. 


every  one  baving  anoihcr  under  it,  as  in  the 
cond. 

In  this  method  all  the  lines  are  clear  of 
another,  and  the  blocks  are  kept  parallel 
model  before  you  confifh  of  twenty  pullics,  fivco] 
each  pin;  uith  this  model  you  may  raife  tlx  him 
dred  weight  J*  but  with  a  tackle  of  chi^  (brt  pro- 
perly executed  in  large,  one  man  will  cafily  nifc 
a  ton.     Twenty  is  the  largeft  number  of  puUics 
that  anfwcrs  well  in  praiflice* 

The  pullies  arc  placed  in  two  tier  in  each 
block,  feveral  being  upon  the  fame  pin  as  in  the 
firft  method,  and  every  one  having  another  under 
it  a^  in  the  fccond  method  ;  when  the  tackle  is  ia 
ufc,  the  two  tier  thar  arc  the  moft  remote  from 
each  other  are  fo  much  larger  in  diameter  than 
thofc  that  are  nearell,  as  to  allow  the  lines  of  the 
former  to  go  over  the  lines  of  the  Icitter  v.  lihmt 
rubbing. 

This  conflrucftion  gives  a  new  mctiiod  ot  reev- 
ing the  line  upon  the  fliceves;  for  here  let  the 
number  of  Ihcevcs  be  what  they  may,  the  fall  of 
the  tackle  win  always  be  upon  the  middle  fliecvc, 
or  that  next  the  middle,  according  as  the  nu 
of  pullics  on  each  pin  is  odd  or  even. 

To  reeve  it,  let  the  line  be  fixed  to  fome  c 
Ycnient  part  of  the  upper  block,  and  brought  rou 
the  middle  Ihceve  of  the  large  tier  of  the  u 
block  I  from  thence  round  one  of  the  lame  fort 
next  to  the  middle  one  of  the  upper  block ;  and  fa 
on,  till  the  line  comes  to  the  outfide  Ihceve,  where 
the  lall  line  of  the  larger  (hceve  falls  upon  the  ftrft 
^eeve  of  the  fmaJIcr,  and  being  reeved  round  thofc 

till 

^  A  lirga  tackle  wis  tried  on  board  one  of  hi»  Miijedf^  | 
{hips,  and  though  the  rope  was  new,  one  mstn  nifed  «  QlU 
«no  carriage*  of  2;oo  weight,  there  being  a  pcrfon  tQllokdl 
prevent  the  rope  from  fli^tping. 


I 
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till  it  comes  at  the  oppofite  fide,  the  line  from 

the  laft  Ihccve  of  the  fma}ler  tier  again  rifes  to  the 

firft  of  the  larger,  whence  it  is  concluded  round 

till  it   ends  on  the  middle  ftieeve  of  the  upper 

block  on  the  larger  tier. 

Of  A  Compound  Engine. 

Fig.  I,  pi.  5,  rcprefents  ^compound  engine.  The 
cndlcfs  fcrew  is  turned  round  by  the  wheel  A  B, 
the  fcrew  takes  into  a  wheel  D  C  ;  on  the  axis  of 
this  wheel  is  a  pinion  E,  that  moves  the  wheel 
FG{  to  the  axis  H  of  this  wheel  the  running  rope 
of  the  pullies  I  K  is  fixed. 

The  diameter  of  the  fly-wheel  or  lever  is  twico 
that  of  the  wheel  C  D ;  the  wheel  C  D  has  64 
teeth,  the  pinion  E  on  the  axis  of  this  wheel  haa 
10  teeth,  the  wheel  F  G  has  80  teeth. 

To  calculate  the  force  of  this  engine,  multi-* 
ply  the  diameter  2  of  the  fly  by  64,  the  number  of 
teeth  in  C  D,  which  gives  128,  and  this  product  by 
8,  the  number  of  times  the  pinion  E  moves  round 
vhilc  the  wheel  F  G  moves  once  round,  which 
gives  1024;  multiply  this  by  3,  becaufe  the  dia- 
"^cter  of  the  v/hccl  F  G  i^  three  times  that  of  it> 
arix)r  H,  and  you  obtain  3072  ;  which  multiplied, 
by  4,  the  advantage  gained  by  the  pullies,  give* 
^2288  to  I  for  the  power  of  this  engine,  or  76J 
pounds  to  one  ounce. 

A  B  C  D  E  F,  Jig.  2,  pL  6,  is  a  fmaller  com- 
P^nd  engine  j  the  wheel  or  fly  C  has  a  fcrew  on 
^^'s  axis,  which  works  into  the  teeth  of  the  wheel  D 
^Hich  has  48  teeth,  and  the  diameters  of  thcfe  two 
^hecls  are  equal ;  but  the  wheel  C  moves  48 
tinies  round  while  the  wheel  D  is  moving  once 
''oUnd ;  but  the  diameter  of  the  wheel  D  is  6  times 
^hat  of  it's  arbor,  on  which  the  cord  is  coiled  that 
^■aifcs  the  weight;  confequently  the  power  is  as  6 
^*n[^es48  or  288  to  one,  or  one  ounce  will  fupport 
^8X  ounces. 

On 
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lie  upper  part  of  Jff,  a,  pA  5pand/f. 

rprefcntcd  a  compound  engine,  confiflinj 

*vers  aciingoac  on  the  other;  they  are  all 

It  kind.  In  the  firft,  R,  the  proportion  it 

I  I  to  5  ;  ia  the  fccond  S,  as  i  to  4 ;  in  the  third 

r,  as  I  to  6 ;  or  as  i  to  /^  X  4  X  6»  equal  to  iioi 

onfcquently  if  the  powf     3c  to  the  weight  as  1 10 

',  they  will  countcrp       each  other. 

Or  Wheel  Work.  '\ 

^  rels  T*  ith  teeth  are  ufcd  in  fuch  a  variety 
ij  that  it  m  ill  be  neceflary  to  explain  in  fome 
e  their  nature  and  aftion.  Although  the  com- 
putation of  the  numbers  is  not  a  part  ot  niechanicsi 
yet  it  is  ufeful  in  the  conftrudion  of  a  variety  of 
engine??.  From  the  nature  of  the  wheel  and  axle 
It  is  clear,  that  the  power  or  force  on  the  pinion 
is  to  that  on  the  cirrumference  of  the  wheel  on  the 
fame  axis,  as  the  diameter  of  the  wheel  is  to  thaf 
of  the  pinion. 

Whether  a  wheel  drives  a  pinionj  or  a  pinion 
drives  a  wheel*  the  number  of  turns  of  the  wheel 
multiplied  by  the  number  of  it's  teeth  is  equal  ta 
the  number  of  turns  that  the  pinion  mJikes  in  the 
lame  time  multiplied  by  it's  teeth ;  fo  that  the 
number  of  cotemporary  turns  of  a  wheel  and  pi* 
nion  are  reciprocally  proportional  to  their  number 
of  teeth.  Thus,  if  th4^  number  of  teeth  in  a  vi  heel 
be  80,  and  thofe  in  the  pinion  S,  then  the  pinioiS 
will  turn  round  jo  times  to  once  of  the  wheel j 
therefore  the  qu^iient  of  the  zvbrrl  diviji'd  6y  tk 
pinhn  it  dri'ves,  is  the  raiia  of  turns  to  unity  i  tHill 

-T-  gives  10.     WhccUand  pinions  are  thereforege- 
9 

nerally  cxpreflTcd  by  frav^ions,  the  numerator  bel 

the  wheel,  the  denominator  the  pinion. 

Hence  if  there  be  any  number  of  wheels  a^ 

upon  fo  many  conug^ovi^  \j\tv\ciYv&»  ^rivi  \ou  di 
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:  produdtof  the  teeth  in  the  wheels  by  thofe  in 
:  pinions^  the  quotient  will  be  the  number  of 
ns  of  the  laft  pinion^  in  one  turn  of  the  firfl: 
leel. 

The  number  of  turns  may  therefore  be  ex- 
cfled  by  a  fratftion,  whofe  numerator  is  the  number 
teeth  in  the  leading  wheel,  multiplied  by  it's 
imber  of  evolutions,  and  the  denominator  the 
imber  of  teeth  in  the  wheel  that  is  driven.  Thua 
minion  of  6  ading  on  a  wheel  of  52,  will  make  it 

rn  7  times  while  it  turns  26  times  itfelf   -^  °. 

[ual  3. 

If  therefore  you  have  a  piece  of  wheel  work, 
►nfifting  of  feveral  wheels  and  pinions,  ex.^gr.  if 
wheel  of  48  a(!:ts  on  a  pinion  of  8,  on  w  hofe  axis 
ere  is  a  wheel  of  ^o  taking  into  a  pinion  of  6  ' 
trying  a  wheel  of  36,  which  moves  a  wheel  of 
i,  on  whofe  axis  there  is  an  index.  The  number 
turns  made  by  the  index  w hile  the  firfl:  wheel 
«soncc  round,  will  be  cxprclTed  by  this  fraftion. 

Hence  it  is  evident  that  any  number  of  teeth 

the  wheels  and  pinions,  having  the  fame  ratio, 

11  give  the  fame  number  of  revolutions  toanaxi<; 

a  given  diftance  from  the  firfl:,  thus  -  X  "^  X  '":" 

ve  240  like  the,  pricccding  combination  ;  it  is 
crcforc  left  to  the  fivill  of  the  artifl  to  determine 
ut  numbers  will  bell  fuit  the  general  defign  and 
•cumfl:ances  of  his  machine. 

Thus  the  fame  motion  may  be  performed  ci- 
!rby  one  wherl  and  pinion,  or  many  wheels  and 
lions,  provided  the  number  (^-f  turns  of  all  the 
tcels  bear  the  fame  proportion  to  all  the  pinions 
ich  that  one  wheel  bears  to  it's  pinion. 
Thefc  principles  conduct  us  to  a  rule,  whereby 
Vol.  III.  Y  th^ 
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Of  the  Advantages  gained  by  MAcniiiBS.' 

I  have  fliewn  you  in  treating  j^  limple  Mh 
chines^  that  as  much  as  vas  gained  in  force  ib 
much  was  loft  in. time,  fb  that  the  cfFcft  produ 
by  a  given  power  in  a  given  time  is  always 
fame^  whatfoever  machine  is  ufed  ;  you 
alfo  feen  that  this  propofition  holds  good  in 
compound  engines^  that  is^  in  whatever  propoitioii 
the  power  is  Icfs  than  the  weighty  in  the  fine 
proportion  will  the  weight  be  flower  than  Ac 
power.  r. 

In  order  therefore  to  obtain  a  juft  idea  of  Ac  ' 
advantages  gained  by  machines,  fuppofe  a  man  bf 
a  fixed  pulley  raifcs  a  beam  to  the  top  of  a  houfc 
in  two  minutes,  it  is  clear  that  he  will  be  able  to 
raife  fix  beams  in  twelve  minutes;  but  by  mcansof 
a  tackle  with  three  lower  pullies,  he  will  raife  the 
fix  beams  at  once  with  the  fame  cafe  as  he  bcfort 
raifcd  one,  but  then  he  will  be  6  times  as  long  about 
it,  that  is  12  minutes;  thus  the  work  was  per- 
formed in^the  fame  time,  whether  the  mechanical 
power  was  ufed  or  not.  But  the  convenience 
gained  by  the  power  is  very  great,  for  if  the  fi^f 
beams  be  joined  in  one,  they  may  be  raifcd  by  the 
tackle,  though  it  would  be  impoffible  to  move 
them  by  the  unaflifted  fl:rength  of  one  man. 

Confcquently,  if  by  any  power  you  are  able 
to  raife  a  pound  with  a  given  velocity,  itviH 
be  impofllble  by  the  help  of  any  machine  whatevcfj 
with  the  /j;;;^  pozirr,  to  raife  two  pounds  with  tbc 
fame  velocity;  yet  by  the  afiiflance  of  a  machine 
you  may  raife  two  pounds  with  half  that  velocityi 
or  even  one  thoufand  with  the  thoufandth  part  of 
that  velocity  ;  but  ftill  there  is  no  greater  quantiqf 
of  motion  produced  when  a  thoufand  pound  i« 
moved  than  when  one  pound,  the  one  thoubd^ 


On  rut  iNiLCHAxicAr.  Powers* 


32$ 


ids  moving  proporcionably  fiower.  Tlie  power 

uchincs  confifls  only  in  this,   that  by  their 

the  velocity  of  the  weight  may  be  dimi- 

td  at  pleafure,  fo  that  with  a  given  force  any 

tfi  refinance  may  be  overcome. 

The  motion  of  the  weight  is  not  at  all  increafed 

iny  engine,  it's  velocity  only  is  thereby  fo  much 

iinifhedjthat  \\\t  quantity  of  motion  of  the  weight 

not  exceed    the  quantity  of  motion  in  the 

By  machines,  a  power  otherwife  incapable  of 

imunicating  motion  to,  or  fupporting  the  pref- 

)  of  a  body,  may  effect  it*s  purpofe  by  transferring 

art  of  the  V,  eight  upon  a  fulcrum,  diflributing  it 

ongft  a  number  of  puUics,  or  placing  it  upon  an 

plane  or  fcrew  ;  and  by  this  artifice  ^ 

rtrmay  kccpa  weight  fufpendcd  which  exceed* 

any  afllgncd  proportion,  though  without  any 

bifition  of  monienc  in  a  given  direction :  for 

Stion  is  only  communicable  according   to  the 

ablillKd    natural    relations    fuhlilting  between 

ami  motionj  and  the  magnitudes  of  two 

ifcrs  in  equilibrio  are  always   invcrfely  as  their 

jlocities. 

It  is  therefore  in  vain  to  think  of  moving  a 

Iter  weight   by  a  fmall   power,  and  with   the 

nc  velocity  as  with  a  greater  power.     No  real 

of  force  is  acquired   by  mechanical  contri- 

on  the  contrary,   force  from  friflion,  &c. 

biways  loft,  the  advantages  obtained  arc  confined 

convenience  ;  for  inftancc,  by  machines  we  arc 

_  abled  to  gi%'c  a  convenient  diredion  to  the  mov- 

jng  power,  and  to  apply  it's  ailion  at  fomc  dif- 

c  from  the  body  to  be  moved,  which  is  a  cir-r 

niftance  of  almoll:  infinite  importance*     By  ma- 

wc  can  alfu  fo  modify  the  energy  of  the 

power,  as  to  obtain  cffccHs  which  it  would 

iucc  without  modification* 

Y  ^  Mechanics 
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Mechanics  does  not  teach  us  to  oiake  hut  tt 
upply  powers,  firch  as  we  find  them  in  nature ;  fti^ 
we  deceive  ourfcl  ves  if  wc  think  that  by  the  mean  a 
of  any  engine  one  man  (hall  da  the  vork  of  two  iqy 
(he  fame  rime^  fuppofing  him  to  employ  (ht  janM.^ 
ftrength.  ^  '- 

In  the  performance  of  feveral  works^  whem. 
we  haye  fufficient  ftrength,  we  often  want  timcj^ 
and  where  we  have  time  to  fpare  we  want  flrei^di. 
In  thcfc  cafes  the  mechanic  has  an  opportunity  of 
direding  the  application  of  the  powers  accordiBg- 
to  time. 

Thus  in  making  harbours^  carrying  on  dykeii 
moles^  or  banks,  w^herc  at  every  tide  the  fea  may 
damage  the  work,  and  a  fpring  tide  over  fet  it.  die 
grcateft  number  of  bands  muft  be  employed  that  cii( 
work  one  by  another.  In  fome  cafcs^  as  raifiitf 
great  blocks  of  marble  or  other  heavy  goods  out  tf 
a  (hip  to  lay  them  on  a  wharf,  many  hands  cs|nao( 
be  employed  ;  here  then  aq  engine  may  be  ufd| 
M'here  one  man  may  do  the  work  of  ten  or  twenty 
men,  but  he  (hall  be  ten  or  twenty  times  longer  in 
performing  it.  And  the  engine  is  abfolutely  nc- 
ceflary,  bccaufe  without  it  the  work  could  not  be 
performed;  a  fufficient  time  muft  therefore  be  em- 
ployed, without  which  a  great  ftrength  would  be 
of  no  ufe.  In  draining  mines  you  are  generally 
confined  to  time,  becaufcthc  fubterraneous  fprings 
fupply  the  warcr  while  a  force  is  employed  to  draV 
it  out ;  here  then  ihc  intcnfity  of  the  power  muft 
be  fupcrior  to  the  quantity  to  be  raifcd  in  a  c^rtaia 
time. 

When  great  manufailures  are  carried  on,  mc- 
chanifin  may  often  be  employed  to  great  u(e; 
thus,  fuppofe  that  in  winding  of  filk  fifty  men  be- 
ing cmployeii,  iliould  only  move  a  weight  equal  to 
half  a  pound,  while  they  carry  their  hand  round; 
>f  jiercas  one  man  cfiaeafily  raifc  twenty-fivQ  pounds 
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nth  the  fame  velocity  as  his  hand  moves  round  in 
his  inftance,  and  that  for  ten  hours  in  a  day  :  here  a 
nachine  may  be  applied,  whereby  one  man  em- 
ploying his  whole  ftrength  Ihall  do  the  work  of 
Rfty  men  in  the  fame  time.  In  other  cafes  ma- 
chines may  afford  great  profit  by  rendering  effec- 
tual the  force  or  intenfity  of  the  power  or  powers 
tmployed  as  in  the  fire-engine,  water-wheel,  &c* 

Of  THE  Regulation  of  Motion  by  Fly-Wheeis, 

A  uniform  motion  is  continued  by  applying 
ihc  heavy  wheel,  (or  a  crofs  bar  loaded  with  equal 
weights  called  a  fly)  to  the  machine;  this  being 
made  to  revolve  about  it's  axis,  keeps  up* the  force  ^ 
of  the  power,  and  diflributes  it  equally  in  all  parts 
of  it's  revolution,  by  going  on  at  the  fame  rate  it 
makes  the  motion  uniform,  for  on  account  of  it's 
height  a  fmall  variation  in  force  does  not  fen- 
iibly  alter  it's  motion,  while  it's  friflion  and  the 
itfiftance  of  the  machine  prevents  it  from  accele- 
rating. If  the  motion  of  the  machine  flackens,  ic 
helps  it  forward;  if  it  tends  to  move  too  fafl;  it 
will  keep  it  back. 

Every  regulating  wheel  fhould  be  fixed  upon 
that  axis  where  the  motion  is  fwiftcfl:,  and  fliould 
be  heavy  when  the  motion  is  dcfigned  to  be  flow, 
and  light  where  it  is  to  be  fwiftJ  In  all  cafes,  the 
center  of  motion  (hould  coincide  with  the  center  of 
gravity  of  the  wheel.  The  axis  may  be  either 
perpendicular  or  parallel  to  the  horizon 

Mofl:  mechanical  operations  conlifl:  ciihcr  in 
^ommnaunicating  motion  to  quiefcent  bodies,  or 
n  overcoming  refinance;  in  which  operations  the 
lAions  of  the  moving  force,  and  it's  elFedls,  are  not 
'hvays  cotcmporary  ;  but  motion  is  frequently  firll 
jcnerated,  and  at  fubfcqucnc  times,  employed  i(j 
Y  4  producing 
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producing  the  irfulr.     Thus  great  mediaiiical 
fects  may  be  produced  hy  means  of  fionll 
generated  in  ponderous  bodies  bjr  inconl 
moving  forces.    Suppofe  an  heaTjcjIindcrjOfii 
or  lead^  moveable  about  ic*s  axis,  and  in  a 
irfane;  a  fmall  force  being  am>licd  to  cnm  the  cf^ 
finder^  wiiU  if  ^o^g  cor.tinued,  gcnentc  Ibcli  a  ~ 
as  will  produce  effects  in  raifin^  weights  bf  i 
means  obtainable  by  the  moving  force  immed' 
applied. 

Mr.  Atwocd  has  (hcMrn,  that  a  force  of 
pounds^  applied  for  :hirty-fcven  feconds  to  the  cir* 
cumfercncc  of  a  cylinder  of  ten  feet  radius,  ani] 
wcighing47i3  pour. Js,  v, ou!d,  at  thediftanceofoK; 
foot  from  the  ccnur,  give  an  impulfe  to  a  mufquet- 
ball  equivalent  lo-  v.  hat  it  receives   from  a 
charge  of  gunpowder. 

The  fame  efTLci  \vr.u!d  be  produced  in  fi? 
minurcs  ten  fecor.d  ,  by  a  man  turning  thc.cy« 
lindirrv. ith  :i  v  :iKh  one  fro:  long,  on  v.hichhe 
tonfantly  cxcit'^d  a  for^c  of  rv,enty  pounds. 

'ir.;:  rr.cL ;  .  :i..:.cM  t  f  n.c'hanL*  force  appears 
c::rrr/,rc!:r...ry  u:  i';r!t  lU;!  :,  and  nuy  fug^gcll  wrong 
notif.ris  Lor[''^.i:r.\\j;  :;.j  K:b;^.cr,  iinlcfs  tuUy  conii- 
ilLVj'Ji;  wh'.n  it  \mH  appear,  that  the  cylinder  has 
no  principle-  of  niorian  in  itlclf,  and  cannot  have 
any  r'-iC/ic  ihan  it  receives. 

An  accimnilation  of  motion  in  ponderous 
V.  hc'.h,  is,  as  I  have  jiill  obfcrvcd,  of  great  fcrvicc 
V. hiCii  applied  to  pradical  piirpofes.  Thus  ma- 
chines to  lilL  w  eights,  to  grind  corn,  bzc.  an  well  as 
Tiiany  oi!:rr:.,  1. axing  a  large  ponderous  wheel 
(tcrnicii  a  //)V  lixtd  to  fonic  pare  of  their  ma- 
chinery, fo  thai  it  Ihall  revolve  round  it's  axis, have 
been  loi.nd  to  produce  much  greater  mechanical 
vitTwcli  than  could  ha\c  been  produced  without 
fu^.  h  an  additional  mafs  of  matter. 

llcrc^  however,   I  muft  beg  vou  to  obfer\'Ci 

'  '  that 
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that  there  is  no  hereof e  of  power  communicated  to 
any  engine  by  flies^  hallajl'-ivbeeh^  &c.  ihcy  aft 
upon  quite  another  principle. 

In  all  machines  in  which  flies  are  ufcd,  either 
a  confiderably  greater  force  mull  be  applied  than 
what  is  neceflary  to  move  the  machine  without  it, 
or  the  fly  mufl:  have  been  fet  in  motion  fome  time 
before  it  is  applied  to  the  machine..  It  is  this  fu- 
perfluous  power  which  is,  as  it  were,  colledled  by 
the  fly;  and  ferves  as  a  refervoir,  by  which  the 
machine  may  be  fupplied  when  the  effort  of  the 
power  is  lefl!cned. 

Suppofe  a  wheel  and  axle  (with  a  ponderous 
wheel  affixed  to  it),  moveable  round  an  axis  by 
means  of  an  handle,  which  is  impelled  by  muf- 
cular  force.  Now  here  the  ufc  of  a  ponderous 
wheel  is  evident ;  for  fuppofc  a  certain  uniform, 
motion  generated  therein,  this  will  continue  for 
fome  time  to  raife  the  weight,  although  the  moving 
force  of  the  arm  be  difcontinued,  which  mufl:  in 
fome  degree  happen  when  the  arm  is  afcending. 
Now  if  th^re  were  no  motion  in  the  ponderous 
wheel,  to  continue  theafccnt  of  the  power,  the  re- 
fiftance  would  begin  to  preponderate  as  foon  as 
the  moving  power  was  at  all  diminiflied;  from 
which  it  is  manifefl:  how  much  motion  would  be 
lofl:  without  the  fly. 

It  is  a  refervoir  to  fupply  the  machine  when  the 
animal  flackens  his  efforts ;  and  this  is  always  the 
cafe  with  animals,  for  none  are  able  to  exert  a  great 
power  with  abfolutc  confl:ancy.  When  he  begins 
to  move  the  machine,  he  is  vigorous,  and  exerts  a 
great  power;  which  not  only  overcomes  the  re- 
iiflanceofthe  machine,  but  communicates  acon- 
iiderable  degree  of  power  to  the  fly.  Hence  the 
machine,  when  moving,  yields  for  a  time  to  a  fmall 
impulfe;  during  Vhich  time  the  fly  adls  as  a  mov- 
ing power,  and  the  animal  recovers  his  ftrength. 
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B7  degrees,  however,  the  motion  of  the  machine 
decrcafes,  and  the  animal  is  then  obliged  to  renew 
his  cllbrts.  In  this  cafe,  if  it  were  not  far  the  4 
fly,  the  velocity  of  the  machine  would  be  conli- 
^dcrably  incrcafcdj  but  k  now  atls  as  a  rcfifttng 
/power,  and  the  greater  part  of  the  fiiperlluaus  mo* 
tion.  i^  lodged  therein,  lb  that  the  increafe  of  vclo- 
city  in  the  mai^hine  is  Icarcely  perceptible;  and 
the  animal  again  acquires  time  to  red  himfelf,  till 
the  machine  requires  an  increafc  ofinipulfe;  and 
^fo  on  alternately. 

U  is  the  fame  with  a  machine  moved  with 
i;^ater,  or  by  a  u eight ;  for  though  the  ftrcngth  of 
Ihufe  does  not  exhauft  itfcif  like  mufcular  force, 
yet  the  yielding  of  theparts  of  the  machine  renders 
the  impulfc  much  Icls  after  it  begins  to  move: 
hence  it's  velocity  h  accclcmted  for  fome  time, 
till  the  impulfc  becomes  fo  fmall,  as  to  require  an 
increafe  of  power  to  keep  up  the  necellary  motion; 
but  when  the  impufc  nackcns,  the  fly  communis 
cates  part  of  it's  motion,  fo  as  to  render  the  mo- 
tion equable.  The  truth  of  what  has  been  ad- 
vanced, will  be  rendered  -fcnfibic  by  con  fide  ring 
the  inequality  of  motion  in  a  clock,  when  the  pen- 
dulum is  off;  and  how  very  regislarir  it  goes  when 
regulated  by  the  pendulum,  which  ads  as  a  fly. 

Flies  are  particularly  ufeful  in  any  kind  of 
uork  which  is  done  by  alternate  ftrokes;  as  the 
lifting  of  large  pcftles,  pumping  of  water,  &c. 
In  this  cafe  the  weight  of  the  wheel  employed  is  a 
principal  objeft;  and  it  is  calculated  by  a  com- 
parifon  with  the  weight  to  be  raifed. 

Thus,  fuppofe  it  to  be  required  to  raife  a 
peftle  thirty  pounds  weight  to  the  height  of  one 
foot  fixty  times  in  a  minute.  Let  the  diameter  of 
the  fly  be  feven  feet,  and  fuppofe  the  peftle  to  be 
rarfed  once  at  every  revolution  of  the  fly,  we  muft 
thejj  confidcr  v^hat  weight,  palfrng  through  22  feet 

in 
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¥.  LECTURE   XXXn. 


1 
Oy    THE   DiFFEREMCE   BETWEEN    FraCTICI    ANl 

Theory  in  Mechabucs, 


I  HAVE,  in  what  I  have  already  faid  on  thcfc  fob- 
}C&a,  paid  very  little  attention  to  the  pfayfiot 
properties  of  the  materials  of  which  machinanit 
compofed^  or  of  thq  alterations  theft  propertiei 
occaiion  in  their  efFciSs.  The  propofitions  that 
are  demonfl:rated  with  the  iitroofl  mathematioit 
rigour,  are  not  found  to  a:irv\er  in  practice,  and 
the  difference  can  only  be  allowed  for  and  efti- 
mated  by  experimental  inveftigation. 

In  eftablifliing  the  theory,  I  have  fuppofed 
that  machines  did  not  rub  againrt  each  other,  anci 
fo  interrupt  their  ufual  workings ;  I  fuppofed  that  all 
the  planes  on  which  they  moved  were  even,  all  the 
levers  inflexible,  and  that  the  air  gave  no  refiftance  s 
but  this  is  not  the  cafe  in  pradicej  all  thefc  ar*^ 
impediments. 

Whenever  motion  is  communicated  to  a  bodyj^ 
a  certain  refiftance  muft  have  been  overcome  by^ 
the  moving  force.  This  refiftance  is  of  various 
kinds:  i.  The  inertia  of  the  mafs  moved.  2^ 
That  of  it's  weight,  or  other  abfolute  force,  oppofeci 
to  the  adion  of  the  moving  power.  3.  Obftacles  by" 
which  the  moving  body  is  retarded  in  it's  pro— 
grefs.  Many  circumftanccs  relative  to  the  moving 
forces  which  are  exerted  on  bodies,  in  order  tc^ 
produce  motion,  muft  be  attended  to  in  order  tc^ 
proportion  the  means  to  the  end,  and  to  produce  th^ 

dcfiredj 
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:.  A  great  number  of  experiments  were  made 
•ilidh  hfljd  bodies,  or  thpfe  whofe  partn  fo  flrml/ 


j,  aB  not  to  be  moved  inUr  fe  by  the  fric- 
tJ&W^  ..and  in  each  experiment  bodies  of  very  tixU 
fSerent  degrees  of  friAion  were  chofen,  but  the  re* 
lults  all  agreed;  we  may  therefore  conclude,  ihzi 
the  friSion  of  bard  bodies  in  moihn  is  a  umhrmij 
retarding  force^ 

Ezpcrimjcnts  were  made  to  determine  whe- 
ther the  fkme  law  obtained  for  bodies  when  covered 
,with  cloth,  wooilen^  &c.  and  it  was  found,  in  sill 
cafes,,  that  the  retarding  force  tncreajed  wiib  the  ve* 
toci/yj  .but  upon  covering  bodies  with  paper,  the 
comequences  agreed  with  thofe  already  related. 

The  nextqueftion  is  to  determine  "j^bethtr 
friSion^  ceteris  pajribus,  varies  in  proportion  to  thi 
weight  or  prejfure.  Now  if  the  whole  quantity  of 
the  fri(5lion.of  a  body,  meafured  by  a  weight  with- 
out inertia  equivalent  to  the  friction,  increafes  in 
proportion  to  the  weight,  it  is  manifeft  that  tk 
retardation  of  the  body,  ariling  from  fri^flioni 
will   not   be  altered ;   for  the   retardation  varici 

quantity  of  friftion     ,        -       ./-      ,      «    , 

^3  J ^ — w- ;  hence,  if  a  body  be  put  m  mo- 

quanuty  of  matter  •  *^ 

tion  upon  the  horizontal  plane  by  any  moving 
force,  if  both  the  weight  of  the  body  and  the 
moving  force  be  increafed  in  the  fame  ratio,  the 
acceleration  arifing  from  that  moving  force  will 
remain  the  fame,  becaufe  the  accelerative  force 
varies  as  the  moving  force,  divided  by  the  whole 
quantity  of  matter,  and  both  are  increafed  in  Ac 
fame  ratio;  and  if  the  quantity  of  fridlion  in- 
creafes alfo  as  the  weight,  then  the  retardatioa 
from  the  fridion  will,  from  what  has  been  (aid,  re- 
main the  fame,  and  therefore  the  whole  acccle* 
ration  of  the  body  will  not  be  altered;  confc- 
quently  the  body  ought,  upon  this  fuppofition,  ftw 

to  defcribe  the  fame  fpace  in  the  fame  time. 

Hence 
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5  fame  time,  when  both  the  body  and  moving 
rce  are  increafed  in  the  fame  ratio,  you  may  de- 
-mine  whether  the  fridion  incrcafcs  in  propor- 
m  to  the  weight. 

A  body  weighing  10  oz.  by  a  moving  force  of 
oz.  defcribed  in  2"afpace  of  51  inches;  by  load- 
R  the  body  with  10  oz.  and  the  moving  force 
ch  4  oz.  it  defcribed  56  inches  in  2";  and  by 
iding  the  body  again  with  10  oz.  and  the  moving 
rce  with  4  oz.  it  defcribed  63  inches  in  2". 

A  body  whofe  weight  was  1 6  oz,  by  a  moving 
rce  of  5  oz.  defcribed  a  fpace  of  49  inches  in  3"; 
iding  it  with  64  oz.  and  the  moving  force  of 
oz.  the  fpace  defcribed  was  64  inches. 

From  thefe  experiments,  and  many  others  of 
efame  kind,  -t  appears,  that  the  fpace  defcribed 
always  increafed  by  incrcafing  the  weight  of  the 
dy  and  the  accelcrative  force  in  the  fame  ratio; 
d  as  the  acceleration  ariling  from  the  moving 
ce  continued  the  fame,  it  is  manifeft  that  the 
ardation  arifing  from  friction  muft  have  been 
ninifhed,  for  the  whole  accelerative  force  muft 
/e  been  increafed,  on  account  of  the  increafe  of 
J  fpace  defcribed  in  the  fame  time;  and  hence, 
the   retardation   from    fridion   varies    as    the 

ntity  of  friftion  r   r  -^^         -  /•       * 

— : ,  //.r  quanltiy  of  JriDiofi  tncreafes 

amity  ot  matter  i  y     ^  j  j 

I  lefs  ratio  lha7i  the  quantity  of  matter^  or  Vf eight 

be  body. 

The  third  qucftion  Mr.  Vince  propofed  to  de- 
nine  was,  li  hcther  the  friction  varies  by  varying 
furface  on  ivhich  the  b$dy  moves? 

Let  us  call  the  greater  furface  of  the  body  A ; 

leffer  furface  a.  Now  the  weight  on  every 
^n  part  of  j,  is  as  m^ch  greater  than  the  weight 
an  equal  part  of  A,  a«  A  is  greater  than  a.  If, 
•efore,  the  fridlion  was  in  proportion  to  it's 
ght,  it  is  manifeft,  that  the  fridion  on  a  would 

Vox..  Ill-  Z  Vt 
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be  equal  to  the  friftion  on  A ;  the  whole  fridiair 
on  A  being,  on  fuch  a  fuppofition,  as  the  weight 
on  any  given  part  of  each  furfacc  multiplied  into 
the  number  of  fuch  parts,  or  the  whole  area,  which 
products,  from  the  above  proportion,  are  equal. 

But,  from  the  lafl:  experiments,  it  has  been 
proved,  that  the  fridion  on  a  given  furface  i^ 
crcafcs  in  a  Icfs  proportion  than  the  weight ;  confc- 
quently  the  fridion  on  any  given  part  of  n,  hasi  ] 
lefs  ratio  to  the  fridion  on  any  equal  part  of  A, 
than  A  has  to  a;  and  hence  the  fridion  on  a  ii 
lefs  than  that  on  A ;  tbiit  is,  the  Jmallefi Jurface  bar 
always  the  leajl  frUIion,  contrary  to  what  has  been 
generally  concluded. 

In  trying  the  experiments  on  this  head,  care 
muft  be  taken  to  choofc  fuch  bodic-s  as  have  exaftljf 
the  fame  roughnefs,  with  a  regular  grain,  without 
knots;  or  an  equal  degree  of  roughnefs  may  be  ob- 
tained by  pafling  fomc  line  rough  paper  on  each 
furface. 

A  body  was  taken,  whofc  fui-face  was  to  it's 
edge  as  22  to  9;  with  the  fame  moving  force  it  dc- 
fcribcd  on  it's  Hat  furfacc  33!-  inches  in  2",  on  it's 
edge  47  inches  in  the  fume  time. 

One  whofc  furfaces  were  as  ;{2  to  3,  and  with 
the  fame  moving  force,  dcfcribcd  on  it's  Hat  fide 
j2  inches  in  2",  on  it's  edge  37  inches  in  the  fame 
time. 

I'loni  ihcTc  and  many  more  experiments  of 
the  fame  kind,  it  appears,  that  the  fmallell  furfacc 
had  always  the  kail  friction;  we  may  therefore 
conclude,  that  ihc  friction  of  a  body  does  not  con- 
tinue the  lame  when  it  has  diH'ercnt  furfaccs  ap- 
plied to  I  lie  plane  on  which  it  moves,  but  that  the 
fmallcft  furfacc  will  have  the  leall  friction. 

The  experiments  which  have  been  heretofore 

made  on  this  f'uhjc^t,  have  been  inlhtuted  to  iind 

Kiiat  Hiovin/^  force  would  y;</;  put  a  body  at  reJl  i-^ 

I  iwtion^ 
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otion;  and  they  concluded  from  thence,  thjit  the 
celer^ted  force  was  then  equal  to  the  fridion: 
It  it  is  manifeft,  that  any  fdrce  which  .will  put  a 
xly  in  motion,  muft  be  greater  jthan  that  which 
l^fes  it's  iTibtioA,  other  wife  it  Would  Overcome 
;  and,  confequcntly,  if  there  were  no  other  ob- 
jftion,  the  fridion  could  not  be  accurately  afcel*- 
lined :  but  there  is  another  objeftion,  which  to- 
illy  deftroys  the  experiment,  fo  far  as  it  tends  to 
lew  the  quantity  of  fridtion  which  is  the  adhefion 
f  the  body  to  the  plane  while  it  lies  at  reft,  which 
I  confirmed  by  experiments. 

Thus  a  body  of  I2i  oz.  was  laid  upon  an  ho^ 
izontal  plane,  and  then  loaded  with  a  weight  of 
lb;  and  fuch  a  moving  force  was  applied,  as 
ould,  when  the  body  was  juft  put  in  motion,  con- 
nue  that  motion  without  any  acceleration,  in  - 
hich  cafe  the  fridion  muft  be  juft  equal  to  the 
:cclerative  force.  The  body  was  then  flopped ; 
hen  It  appeared  that  the  fame  moving  force 
hich  had  kfpt  the  body  in  motion  before,  would 
>t  put  it  in  motion:  it  appears,  therefore,  that 
lis  body,  when  laid  upon  the  plain  at  reft,  ac- 
iired  a  very  ftrong  cohefion  to  it. 

A  body  whofe  weight  was  1 6  07.  was  laid  at 
'ft  upon  the  horizontal  plane,  and  it  was  found 
lat  a  moving  force  of  6  oz.  would  juft  put  it  in 
otion;  but  that  a  movint^  force  of  4  oz.  zvou/J, 
hen  it  was  juft  put  in  motion,  ccntinue  that  mo- 
)n;and  therefore  the  accelerative  force  muft  then 
ve  been  equal  to  the  fric^tion,  and  not  when  the 
oving  force  of  6  oz.  was  applied. 

Thefc  experiments  flicw  how  very  ^onfiderablc 
t  cobejion  was,  in  proportion  to  the  fridlo:!, 
icn  the  body  was  in  motion;  it  being  in  the  !ac- 
r  cafe  almoft  one-third,  and  in  the  former  very 
ar  the  whole  fridion.  All  the  conclufions, 
rrcfore,  deduced  from  experiments  inftituted  to 
Z  2  dcitrmviva 
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determine  the  fri  Aion  from  the  force  neceflary  to  .; 
pui  a  body  in  motion,  have  been  manifefily  falfe^n 
fuch  experiments  only  fliew  the  rcfiftance  vhick 
arifes  from  cohelion. 

I  fliall  conchide  this  article  with  a  few  ge- 
neral obfcrvations  onfricaoh;  and  advifing  you,  ia 
all  cafes,  to  have  recourfc  to  experiments  and  ()•' 
the  engines  thcmfclvc^,  to  know  the  rcfiftance  oc-  \ 
cafioncd  by  friction.  • 

To  lefTen  the  quantity  of  fridion,  the  parti 
arc  often  made  of  dilTcrent  materials;  as  iron  aid 
are  made  to  work  in  brafs  or  bell-metal  collan,aSj 
from  thcdiverlity  in  the  pores  of  the  different  fub» 
ftances,  they  arc  Icfs  ape  to  adhere  or  flick  togc* 
thcr.  Care  is  alfo  taken  to  polilh  the  parts,  m 
make  them  as  fmooth  as  pofTible. 

Wood,  and  all  metals,  whengreafed  and  Qiled» 
have  nearly  the  fsnie  fricfilon.  Where  wood  ads 
againfr  wood,  grcaic  makes  the  motion  twice  as 
cafy.  Wb.cels  trailed  or  tarred  go  four  times 
cnficr  than  \Av:n  v\  ct. 

Thr  fr!.:.i(;ii  incrc:-.r.\^  v.  irh  the  v/eight,  though 
not  in  t!\c  rmne  pivjporrjc^ri :  i:  is  alfo  augmented, 
except  in  a  very  1....  HAin'-.,  l.y  an  incrcafe  of  vdo- 
clty.  A  jTreai  furl"  ;  v.  alio  occalions  fomewhat 
more  friclion  \vi:h  ■:::.*  W^xwc  w-^ght  and  velocity: 
yet  friviion  iiv.iy  be  in.  rv;vi-.d  by  too  little  furfacc 
to  niove  oil;  a;i  upcrx  c!.;y,  ^cc,  where  the  body 
link^  in. 

The  fiioion  of  a  fir-ik'  Icvcr  is  very  fmall. 
Pullies  arc  iiihj'./t  to  gn  .il  iricLon,  becaufe  their 
diameters,  in  gL^jcr^^l,  arc  very  fin:i!l  in  proportion 
to  their  axes,  bccuirc  they  very  often  bear  againft 
the  blocks,  and  fioiu  the  ^\car  of  the  holes  and 
axles. 

The  friction  of  the  wheel  and  axle  is  as  the 
weight  upon  it,  and  the  diameter  of  the  axis^  the 
ftilfncfs  of  cords^  cVc. 

I0 
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In  a  fcrew  there  is  a  great  deal  of  friftion. 
ofe  with  Iharp  threads  have  more  friAion  than 
rfc  with  fquare  threads^  and  endlefs  fcrews  have 
>re  than  either. 

Some  writers  have  confidered  bodies  moving 
5  over  the  other  in  two  different  manners. 
lus"  vje  may,  i .  apply  the  fame  parts  of  one  to  dif- 
ent  parts  of  the  other;  as  when  you  make  a  book 
le  on  a  table,  or  as  in  the  experiments  of  Mr. 
nee.  Or,  2.  you  may  make  different  parts  of 
e  furface  fucceflivcly  touch  the  different  parts  of 
B  other;  as  when  you  nuke  a  ball  roll  upon  a 
Uiard  table. 

This  latter  fpccics  of  fricflion  is  never  fo 
werful  in  retarding  motion  as  the  former  kind; 
which  you  have  an  evident  and  familiar  proof, 
the  cuftom  of  dragging  chc  wheels  of  carriages 
den  the  defcent  is  too  deep;  for  when  they  arc 
raid  that  a  coach  or  waggon  fliould  go  too  fafl 
wn  a  hill,  they  hinder  the  wheels  from  going 
und  their  axis :  confcqucntly,  the  fame  point  of 
c  circumference  drags  fucceflively  upon  a  num- 
t  of  points  on  the  ground,  which  confidcrably 
tards  the  motion  of  the  carriage.  It  is  not  fo 
len  every  wheel  turns  in  the  ufual  way  about  it's 
is. 

This  may  be  further  illuftrated  by  the  appa- 
us  with  fridion  wheels,  which  I  ufed  in  a  former 
lure,  in  iHuftrating  the  theory  of  accelerated 
It  ion.  To  this  end  I  place  the  axis  of  the  pcn- 
iim  in  thefe  two  pivots,  and  then  put  it  in  mo- 
ra. .  It  is  now  a  friction  of  the  firfl  kind,  as  the 
indrical  axis  paffls  fucceflivcly  over  the  lower 
•t  of  each  of  the  holes.  . 

Letusnowplacetheaxis  of  the  pendulum  upon 

interfedion  of  the  two  pair  of  n)llers,  and  put 

I  pendulum  in  motion,  Mhich  motion  will  caufc 

:  rollers  to  turn,  and  thus  be  only  a  fridion  of 

2:  3  the 
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the  fccond  kind,  the  circumference  of  on?  rolling 
on  the  circumference  of  the  other,  the  part  which 
pouched  before  now  touching  np  longer,  thepan^ 
being  alfo  in  a  favourable  diredlion  for  difenga^ng[ 
themfclvcs  from  each  other,  and  you  will  find  that 
it  wi\l  now  go  a  much  longer  time  than  before. 

Mr.  Garnet,  has  obtained  a  patent  for  a 
mew  and  ingenious  application  of  this  princi- 
ple. Between  the  axle  and  nave  of  any  wheel- 
S\ork,  a  fpacc  is  left  to  be  filled  up  by  folid  equal 
rollers,'  nearly  touching  each  other;  thcfe  have 
axes,  which  arc  infcrtcd  into  a  circular  ring  at 
cither  end,  whereby  their  relative  diftances  to  each 
other  are  prefcrved,  rnd  they  arc  kept  parallel  to 
each  other,  hccaufe  the  circular  rings  are  faftenci 
together  by  fnuill  fupports  which  pafs  between  the 
rollers. 

Or  Man    considfkfd    as    an    artihcial 
Machine.* 

Man  has  been  confidcitd  by  anaromifls, as  a 
riTem  c)f  ali  ih.c  artificial  machines  united  in  the 
human  fa'nric;  they  have  found  the  lever,  the  pul- 
ley, theaxle  in  the  wheel,  the  wedj^c,  and  even  the 
^l^J^^•,  or  at  uafl  foniething  rcfembling  each  of 
rhicm,  'i\  hi'j  pcrion:  thus  his  aiP'is  have  been 
likened  ■  •  leveis;  his:  head  turning  upon  it's  axle; 
ii;e  tligalhic  rjijlcle,  ihrvt  afilfts  his  f\\ allowing,  to* 
rope  running;  over  it's  pulli;y  ;  the  glands  as  lifting 
np  their  lliiids  in  the  n;anner  of  an  artificial  water- 
ferew  ;  and  his  teeth  ha\e  been  compared  to 
\vecl|j;rs.  Jnit  Ibmc  have  not  flopped  here;  they 
have  gone  on  not  only  to  pleafe  themfelves  wi:h 
the  rcfemblance,  but  to  Cihmatc  the  force  of  nian 

through 

*  Golfirmith,  Surveyor  Expcrimcnldl  Philofophy,  vcJ.i.- 
p.  245  to  360., 
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through  all  his  vital  and  involuntary  motions;  fuch 
as  the  running  of  the  blood  through  his  veins,  the 
drawing  his  breathy  and  fuch  like,  by  the  inflexible 
lawsof  mechanifm.  They  have  even  applied  geo- 
metrical rules  to  meafure  objects  conftantly  in 
change,  and  buiit  theories  upon  proportions  they 
were  unable  to  difcover.  Thus,  when  Borelli  once 
got  the  hint  of  comparing  the  mufclcs,  or  flcftiy 
parts,  to  cords,  he  then  readily  built  his  theory, 
and  calculated  the  human  force  by  confidering  the 
thicknefs  of  the  cords,  and  the  length  of  the  lever. 
Thus,  when  another  found  the  fimilitude  between 
the  blood  running  through  it's  channels,  and  water 
fpouting  through  pipes,  he  purfued  the  fpecula- 
tion,  till  he  at  laft  was  taught  to  believe,  that  vo- 
mits would  cure  a  fpitting  of  blood,  and  bathing  in 
warm  water  would  be  a  remedy  for  the  dropfy: 
happy,  however,  had  his  theory  never  been  put  into 
practice. 

It  is  as  imix)flible  to  determine  the  mufcular 
force  of  any  man  by  the  bare  infpcdtion  or  admea- 
furemcnt  of  his  mufcles,  as  it  is  to  meafure  the 
fwiftncfs  of  the  circulation  of  his  fluids  by  the 
fpouting  of  his  blood  from  a  vein.  Neither  can  be 
done,  though  Cbeyne  has  pretended  to  dcmonllrate, 
that  if  we  compare  the  mufcular  ftrcnjjjth  of  two 
animals,  that  animal  whofc  fluids  circulate  twice  as 
fwift,  will  be  fix  times  as  llrong.  b'rieud  and  I  Vain- 
bright  adopted  his  demonftration,  for  he  called  it 
a  demonftration  ;  and  indeed  it  was  drawn  up  with 
afuflScient  degree  of  mathematical  parade,  ;VA/r- 
'"?r,  however,  in  a  treatife  entitled  *^  7)/'  Siviilibiis 
^^limalibus,**  has  demonftrated  that  Cbty/ic's  de- 
monftration was  falfc;  but  it  was  in  order  to  cfla- 
Wifti  another  demonftration  of  his  own.  He  af- 
fcrtcd  that  the  force  in  limilar  animals  was  as  the 
J-'ubc  roots  of  the  fourth  powers  of  the  limb  put 
i^o  motion.  You  do  not,  perhaps,  underftand  rhc 
Z  4  prei^ife 
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!  ..  ,  :r  v.L  J\c:  ire  -re.::  ham-ftring, 
.  ,'  ■  :..:;:-.;-•  m'^['r^c>,  wc  ihall  find 
:  ::  :  : i  •. .  .i  i.Mo  :h  j  b^Mics  of  the  leg, 
r..:.  :•,  rr.  \  -i  the  ivJur  enJ  it  runs^ 
.:.  ''>  [■■■:  ilvid  in  tiK- great  boneof 
'.  ■•  .•!  :;';  !i  :  being  thus  uretched  from 
■»/":•,  h:ivL'  a  wonderful  power  of 
'.  i;.'Mtc]:inL;  thcniklvcs  at  plcafurf; 
'  '  ill'-:  in  put  thcni  into  action,  they 
I  II  if)  I::'  !:.'  h.',  Ton  cwhat  into  the  Ihapeofa 
..'.•;.:'!.  ^  i;.!c  nu]Rlcs  thus  contraiit,  they 
I.  iiii  I"  '  .:  .1  ii  liraw  the  tv\o  bones  into  which 
f  I.. ;.  .  iv   111  kiln!  ilicir  own  way.     The  ham-flring, 

when 
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*hcn  it  contracts,  forinftancc,  draws  the  leg  back- 
ward toward  the  thigh.     When  \vc  want  to  make 
the  limb  ftrait,  there  arc  mufclcs  infcrtcd  under 
ihc  fore-part  of  the  knee,  that,  conrracting,  an- 
fwcr  this  purpofc;  whih%  in  the  mean  time,  the 
ham-ftring  fufFers  itftlf  to  he  relaxed,  in  order  to 
let  the  oppofing  mufclcs  fake  efiVd.     This   being 
underftood,  it  will  follow,  that  if  we  conlidcr  any 
one  of  the  bones,  the  arm  bone,  for  inliance,  as  a 
beam,  and  the  miWVles  that  raife  it  and  put  it  into 
nation  as  the  power  thac  r^^irates  and  works  the 
inftrument,  the  whole  will  jjive  us  the  idea  of  the 
third  kind  of  lever,  where  the  prop  is  a:  one  end, 
the  weight  to  be  fuflaincd  at   the  other,  and  the 
l^rcngth  is  applied  between  them  both.     Thus,  for 
inftance,  if  1  Itretch  out  my  ar.n,  the  prop  is  in  the 
joint  of  my  (houlder,  the  weight  is  my  hand,  and  the 
'fifing  power  is  the  mufclcs,  which  are  fixed  into 
^hcarm  bone  near  the  .Ivoulder,  and  go  fron)  thenCc 
^obe  inferted  into  the  bones  of  the  trunk  of  n^vbody. 
Now  the  nearer  the  Ihoukier  thefe  mufclcs  are  in- 
serted into  the  arm   bone,  it   is  evident  that  the 
longer  will  be  the  lever  againfl:  which  they  are  to 
act,  and  confequcntly  the  greater  will  appear  the 
Weight  which  they  are  to  fuflain.     To  make  this 
quite  plain,  iuppofe  a  ladder  were  laid  flat  on  the 
ground;  and  fuppnfe  that  I,  (landing  at  one  end, 
take   the  nearclt  round  of  the  ladder  in  both  my 
hands,  and  thus  pulling  back,  attempt  to  raife  the 
farthcft  end,  keeping  the  neareJl  end  iHll  fteady  to 
the  ground.      Would   not    this    require  immenfc 
ftrength  to  effect:?     Pretty  fimilar  is  the  force  that 
the  mufcles  of  the  arm  exert  in  raiung  the  whole 
length  of  the  arm,  and  the  wei{^ht  ol'  the  hand  be- 
fidc.     They  are  infertcil  into  the  bone  clofe  to  the 
llioulder,  and  fupport  the  whole-  length  of  the  arm 
in  the  delired  dire(ttion.  But,  what  is  more,  they 
do  not  only  adl  upon  the  lever  at  fo  difadvan- 
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ttgeous  a  diftance^  but  alfo  they  aA  upon  in  a  du 
Tcdion  the  moft  oblique,  and  confcquently  at  a 
greater  difadvantagc  ftill.  Suppofe  I  attempt  to 
raifc  the  diftant  end  of  the  ladder,  by  pulling  the 
round  neareft  mt ;  this,  as  I  faid,  will  be  very  dif- 
advantageous:  but  fuppofc  yet  farther,  that  lihould 
firft  lie  upon  my  back,  and  then,  by  drawing  the 
next  round  to  me  of  the  ladder,  I  fhould  attempt  to 
raife  the  diftant  end,  the  force  that  would  be  ca- 
pable of  effecting  this  would  be  incredible.  Ycc 
in  this  very  manner  it  is  that  the  mufclcsofthe 
fliouldcradl  in  raifing  the  arm.  They  are  not  only 
infcrted  at  the  greateft  diftancc  from  the  weight, 
but  they  exert  their  power  the  moft  obliquely. 
The  force  they  exert  in  keeping  the  hand  and  arm 
extended  is  great ;  the  force  they  exert  in  keeping 
it  extended,  while  the  hand  holds  a  weight  of 
about  twenty  pounds,  is  aftoniiliing.  Some  fay 
that  thcfe  mufcics,  upon  equal  terms,  would  Ufi  a 
weight  ten  thoufand  times  greater.  What  has 
been  here  faid  of  the  mufcles  of  the  arm,  is  true,  in 
a  greater  or  lefs  degree,  of  all  the  mufcics  of  the 
body;  fo  that  this  natural  machine,  thus  fafliioncd 
by  the  Great  Workman,  is  infinitely  more  power- 
till  than  any  artificial  machine  that  man  coalA 
form,  though  it  took  up  four  times  the  fpace. 

The  mufcics,  as  we  faid,  are  iiipportcd  by 
bones;  thcfc  make  altogether  a  linglc  pillar  o*^ 
column,  which,  though  not  perfectly  ftrait,  bu  ^ 
with  about  live  dillcrcnt  curvatures  or  bcndingi^ 
ytt  when  pcrfcvlly  ballanced  upon  iliclf,  would  ac-^ 
tually  fupport  weights  that  would  furprifc  th^ 
inexperienced.  /<z ///;v  and  Drjli^n/irrs  give  u^ 
fcveral  accounts  of  the  ania'zing  weight  fome  people 
have  fuftaiiK'd,  when  they  were  able  to  fix  the  pil^ 
lar  of  their  bones -lircdly  beneath  it.  The  l.itter^ 
tells  us  of  a  (u-rman  who  ihewed  fcveral  feats  oC 
this  kind  at   l.ondc^n,  and  who  performed  before 
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:rt  of  the  royal  fiimily.    This  man, 
I  a  proper   I'ltuation,  with  a  belt 
"relted  upon  his  head  and  flioulders,  and 
th  "     ^  below  to  a  cannon  of  four  thou-p 

^       ^^  A  the  props  which  fupportcd  the 

tition  taken  av^ayj  and,  by  fixing  the  pillar  of  his 
DDcs  immoveably  againft  the  weighty  fupportcd 
Hich  fccming  unconcern.     Tlicre  are  few  that 
src  not  feen  thofe  men,  who,  catching  a  horfe  by 
and  placing  thcmfelves  in  dired;  oppo- 
the  animal's  motion,  have  thus  Itoppcd 
hui :  J,  though  whipped  by  his  rider  to  proceed, 
11  fuch  cafes,  the  pillar  of  the  bones  is  placed 
Jdircd  oppofuion  to  the  weight;  they  fuppoic 
ich  other,  and  are  prevented  from  rubbing  or 
king  by  elallic  grifties    fixed   between  each 
le;  thefe  give  way  a  little  upon  great  preflure, 
xeftore  themfelves  almoft  inftantly,  when  that 
removed.     Befides  thefe,  there  is  a  vifcous  or 
ly  liquor  that   is  fqueezed   in,   as  if  from  a 
ipge,    between   every  joint,    and    keeps   thtfc 
^les  fmooth,  moift,  and  pliant-     By  means  of 
this    fluid  all  the  joints  move  ealily,  and  obey  the 
Ife   of  the  mufclcs   with  greater   difpatch, 
'  Huid,  and  the  grifties  (or  cartilages,  as  ana- 
Oini|\g  call  them)  contribute  not  a  little  to  the 
^gth  of  the  animal ;  they  refift  the  burden  with 
"i^ftic  force,  and  conform   themfelves  to  the 
l^Ualicy  of  the  prefTure.     In  old  age  both  are 
^riiflied,   the  grifties   become  hard,  and    this 
*i*    (which    anatomifts   call    the    fynovia)    is 
^^^cd  out  in  lefs  quantities.     The  man,  there- 
in old  age,   becomes  more  ftift'  and  more 
,  chiefty  upon  this   account,    though  partly 
J^i^fe  his  mufclcs  become  then  alfo  more  rigid, 
and  Icfs   fleftiy,  as   it    is  ufually   called,   a* 
whoha\e  c;\tcn  the  flefti  cf  old  animals  know, 
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While  wc  are  at  rcil,  this  fluid,  or  f}  novia  above- 
mentioned,  oozci  out  Ixtwcen  the  joints,   to  fir 
them  for  the  ho.r.  c-  iiOkIoti  ;  when  in  exercifc,  rh© 
ends  of  the  bones  picfs  againft  their  griftlcs,  and 
thefe  are  feparat(?d,  in  fomc  mcafure,  by  the  (ynovit 
or  fluid.     But  thtrrc  is  rtill  another  liquor,  of  an 
oily  nature,  which  is  prcflcd  at  the  fame  time  from 
a  fmall  flcfliy  fpongc,  placed  in  every  joint;  and 
this,   mixing  with  the  fynovia,  makes  all  fuppic 
and  fit  for  bufincfs.     I  faid  that  the  fynovia,  or 
vifcid  liquor,  o:r/AS  out  between  the  joints  in  the 
hour  of  reft;   it  is  therefore  in  greateft  quantity 
between  them  in  the  morning,  after  we  have  taken 
our  reft  the  preceding  ni^ht.   So  great  is  the  quan- 
tity  ufually  fcparatcd   during  fleep  between  the 
joints  of  the  back-boiie,  that  Tome  men  are  an  inch 
taller  in  the  moiniiv^  than  at  night,  and  all  men 
are  fomewhat  taller,  as  may  be  quickly  found  by 
any   who  chufe   to   make   the   experiment  upon 
thcmfelvcs. 

From  what  has  been  faid  it  appears,  that,  in 
carrying  large  burdens,  the  whole  art  confifts  in 
keeping  the  column  of  the  body  as  directly  under 
the  weight  as  polfible,  and  the  body  as  upright 
under  the  weight  as  we  can:  for  if  the  center  of 
gravity  in  the  burden  falls  without  this  column,  it 
will  go  near  to  fall ;  in  fact,  if  the  fupportcr  were 
an  inanimate  machine,  it  would  fiill  inevitably; 
but  human  power,  in  fome  meafure,  catches  the 
center  v;hile  yet  beginning  to  defcend,  and  re- 
ftores  the  ballanrc  which  it  had  loft  the  moment 
before.  A  iv.r^n  iM^ilancing  under  a  weight,  re- 
fimhlrs  rivj  (;i  il/jll:  pcoj)le  whom  wc  ufually  fee 
walkijv_;  irp'^n  a  wire;  they  totter  from  fide  to 
fide,  for  a  m'.iiinu  loie  the  center  of  gravity,  but 
b)'  tliiovi.'^g  i'  r\'. :.rc!  a  limb,  or  diftorting  their 
bndics,  they  rc<  (^v<  v  it  again,  to  the  great  amufe- 
muit  of  every   r-icccator.  .  It  is  thus  that  he  who 

carriei 


Op  Practice  and  Theory  in  Mechanics.  343 

rries  a  weight  is  obliged  to  aft;  on  whatever 
.rt  of  his  body  the  weight  is  placed,  he  ballance$ 
by  throwing  as  much  of  his  column  beneath  the 
ad  as  he  can.  Could  the  weight  be  laid  and 
rcniy  ballanced  upon  him,  ftanding  in  his  natural 
afturc,  he  could,  as  we  obferved  before,  fupport 
1  incredibly  burden;  and  though  he  could  not 
lOve  under  what  he  could  thus  fupport,  yet  he 
ould  carry  a  much  greater  load,  than  if  the 
urden  were  laid  in  any  other  manner.  The  weight 
man  could  fupport,  wh^n  thus  evenly  laid  upon 
is  fhoulders,  would  break  the  back  of  th« 
trongcft  horfe  in  the  world.  The  reafon  is  ob- 
ious:  in  a  man  the  whole  column  of  bones  fupport 
he  weight  direftly;  in  a  horfe  the  weight  is  laid 
ipon  the  column  crofs-ways.  The  porters  of 
>>nftantinople  are  known  to  carry  each  a  weight 
)f  nine  hundred  pounds:  they  lean  upon  a  ftaff 
labile  loaded,  and  are  unloaded  in  the  fame  man- 
ler.  The  porters  of  Marfeilles  in  France  arc 
ound  to  carry  yet  more;  their  manner  is  this:  four 
f  them  carry  the  burden  between  them,  each 
laving  a  fort  of  hood  that  covers  the  temples  and 
lead  down  to  the  Ihoulders  ;  to  this  is  faftened  the 
ords  that  fupport  the  frame  or  bier  on  which  the 
veight  is  laid.  By  this  contrivance  the  whole 
:olumn  of  the  bones  adls  directly  againil  the  load, 
md  an  immenfc  weight  is  thus  fuftained. 

We  now,  therefore,  at  length  foe  the  reafon 
vhy  two  men',  carrying  a  load,  can  fuftain  a  greater 
Hf^'ight  than  what  either  could  feparately  carry,  if  it 
vere  divided  into  two  equal  parts.  The  reafon  i^,' 
:hat  two  men  can  bear  the  load  each  more  upright, 
md  with  the  column  of  their  bones  more  oppofcd 
igainft  it. 

As  man  bears  a  weight  the  better,  the  more 
ipright  he  (lands  againft  it,  it  mult  follow  ne- 
;cflarilyi  that  the  more  bendings  he  makes  in  fup- 
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las  a  Irpis  bo^m  lu  k^is.     T«  l%Mpii  nn.: ^  n! 

f:2C=«  cr  CTca  fv«  fardcv  cxMdd  not  bj  pu 
noTf  r::=  cue  aeldi  |;£ace:  fce  Imned  to  pyll 
lis  h2=ds  hzz  ask  wac  of  iv  advao; 
kixn. 

TYt  firr r  ex!i  bnisae  fixed  a  iiipc  to  t* 
pofi,  foii ::  ihri^i^*:  i  nud  iroii  etc,  then  hoci 
k  en  fci-  sr-r«il  t,  a::^  iitni^  hit  feci  a^oft  die  i 
nezr  the  £uii  f;^,  rai^  n.nilclf  fhmi  tbc  gfoui 
br  ttr  rope  i  «h.c3  he  fan»kc  br  fuddailf  &eti 
yng  act  his  legs  ^'^^  -^  fau:k wdi  on  a  fea; 
bed,  laid  oa  ihz  gnm^i  ta  catch  Msi. 

He  lay  c-aT*  n  ar.  :nt  grc-^irkJ.  with  an  anvil 
his  braft,  upon  v-r.::h  ancthcr  man  bam 
vith  all  h.s  :lr:e  a  p-^ce  of  izon  with  a  fledlgi 
hammer. 

He  pj:  -*U  :::v_lJtr>  up^n  cne  chair,  andhii. 
heeh  upon  anvinrr,  ^ni  f^^^rvitea  one  or  two  men 
flandir.z  upjr.  i::?  belly,  r^:::r.5thcfn  up  anddovfl 
as  he  breathe  J ;  iv^^inir  v.  kh  hii  back-bone,  chiglWi 
and  legs,  an  arcl; ;  il-e   :iba:;^ien£  being   on  die 

chairs. 

He  hv  d.o^xn  on  ih^  rr^Jid,  a  man  ftanding 
upon  his  knevs;  he  ih;.n  urc-v  his  heels  towaidi 
his  breech,  ar.J  fo  raiud  r.;.  knees  till  they  ireit 
perpendicular  unucr  th 5.' nir^n;  when  he  raifedup 
his  own  body,  and  pjriin,:  his  arms  about  the 
man's  Ic^s,  iiica  v.  iih  hiin,  iiud  icts  him  downoni 
low  table.  Thii  !*.c  roniciimes  did  with  twa 
men. 

Of  Whkll  CAr^RiAGEs. 

By  what  we  have  feen  of  man,  confidercd  as  a 

machine;  it  is  eatV  toobferve  that  his  frame  is  nol 

otcd  to  drawing  carriages;  whilc^  on  thccoii: 

tnut 
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Wiy,  in  that  of  an  animal  upon  all  fours,  the  co- 
imn  of  whofe  bodies^  and  the  fituation  of  whofe 
lifcles,  ad:  almoft  directly  upon  bodies  placed 
^ind  them,  they  are  pcrfedlly  fitted  by  nature 
if  this  kind  of  fervice.  Horfes  are  ufually  em- 
loycd  in  the  draft  in  England;  mules,  oxen,  and 
ahcr  animals,  are  fometimes  ufed  in  other  parts  of 
le  world.  It  might  incur  ridicule,  if  we  pre- 
lOded  to  inform  the  learner,  that  each  of  thefc 
ill  draw  a  weight  or  carriage  in  proportion  as 
wy  arc  ftrong;  but  notwithftanding  this  is  gene- 
illy  the  cafe,  yet  we  are  going  to  mention  what 
ill  fcem  a  paradox ;  namely,  that  two  horfes  may 
t  found,  one  ftronger  than  the  other,  and  alfo 
tttcr  (killed  in  the  draft,  yet  the  weaker  fhall 
raw  a  weight,  with  the  very  fame  carriage,  the 
ronger  one  could  not  Remove !  This  will  be 
BTcfted  if  the  weakeft  horfe  be  the  heaivieft;  if  he 
Kceeds  his  antagonift  more  in  weight  than  he  is 
cceeded  in  ftrength.  I  have  before  obferved,  that 
le  weight  re-atds  and  pulls  back  ihe  horfe,  as 
mch  as  the  horfe  acfls  upon  the  weigfit  to  pull  it 
>rward.  Now  the  horfe  has  twofources  of  power 
1  drawing  the  weight  along;  his  ftrength,  which 
ivcs  him  velocity,  and  his  weight,  which,  added, 
Ives  force ;  and  it  is  evident,  that  the  horfe  which 
ith  both  in  the  greatcft:  proportion  will  ilraw  the 
Kivieft  weights.  If  we  fliould  imagine  both 
5rfcs  railing  an  equal  weight  from  a  deep  pit, 
id  this  weight  ftill  incrcafed,  fo  as  to  overcome 
cir  ftrength,  it  is  plain  that  the  lighteft  horfe 
>uld  fooneft  be  drawn  in.  We  have  fcvcral  in- 
^nces,  inordinary  pradice,  of  the  great  benefit 
increafing  the  horfe's  weight  to  promote  his 
aft. 

Horfes  have  little  or  no  power  to  dnizv,  but 
tat  they  have  from  gravity,  or  i^eigbt :  othcrwife 
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they  could  take  no  hold  of  the  ground,  smd  i 
they  muil  flipj  and  draw  nothlng^i  ^ 

Common  experience  wiH  inform  you^  tlitt  W 
horfe  is  to  convey  a  certain  weight,  he  ought  ftlmr 
he  may  draw  the  better)   have  a  proportionable 
weight  on  his  back  or  fhoulders.     A  horlt  in  i 
two- wheeled  cart,  in  which  there  is  a  ton  weight, j 
when  it  h  in  an  equilibrium  will  m>t  be  abie 
draw  it;  but  when  there  arc  fifty  or  fixty  pound 
t>earing  on  his  back^  he  will  draw  it  with  eafc; 
If  it  be  two  or  three  ton^  if  he  bean  one  htindrcj] 
<)r  two  hundred  pounds  on  his  backj  he  uill 
jlble  to  draw  the  toad^  becaufe  the  wheels  of  acaifj 
are  very  high. 

When  a  horfe  draws  hard,  he  bends  for 
and  brings  his  breaft  nearer  the  ground ;  and  thcni 
if  the  wheels  are  very  high,  he  is  pulling  the  car- 
riage againft  the  ground. 

A  horfe  tackled  in  a  waggon  will  draw  twoeffl 
three  toris  weighty  becaufe  the  line  of  tradioQii| 
below  his  breaft. 

It  is  very  common^  when  one  horfe  is  di«*-[ 
ing  a  heavy  load^  to  fee  his  fore* feet  rife  from  ri>t| 
ground,  and  he  will  nearly  ftand  an  end.  fe  i4J 
ufual  in  this  cafe  t6  add  a  weight  on  his  back,  10] 
keep  his  it)rc-fcef  down,  by  a  pcrJbn  mountingoii 
him,  vHich  will  enable  hirti  to  draw  the  load  ht^ 
Could  not  move  Itcfore, 

The  cafe  U  nearly  the  fame  in  supplying  Ac  J 
ftrength  of  a  man  in  wheeling  a  load  in  a  %i'heel-| 
barrow.  When  nioft  of  the  load  lies  on  the  whec^ 
he  will  flip,  and  not  be  able  to  get  it  forwafdj  h^i  \ 
then  hrinp;  the  weight  nearer  his  armsj  he  will  hi 
able  to  drive  it  forward.  In  drawing  a  hetrvf  ^ 
flen-roll,  if  the  tixh  of  motion  were  even  wifhtlal| 
part  of  his  body  where  his  arms  arc  extend*^, 
could  not  be  able  to  draw  it  along;  but  wiH  Hfiwi 
tiftfilyj  it  the  Vu\c  ut  UACifoti  is  low*  ** 
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,  In  a  loaded  cart  which  hangs  nearly  iq  equili. 
briOj  if  two  men  were  to  take  it  by  the  fhaft«i  thert 
they  would  hot  be  able  to  move  it ;  but  one  of 
them  in  the  (hafts  and  the  other  behind  the  carr^ 
puihing  the  breech  upwdrd  as  well  as  forward^  he 
lays  a  load  on  the  hrft  man's  back,  and  fo  preffing 
both  the  feet  againft  the  ground  they  will  ealily 
draw  the  load. 

In  a  long  team  where  oiily  the  hind  horfc  bears 
bn  his  back,  if  you  take  off  half  the  number  arid 
fix  them  to  a  lower  point  of  tra<5lion,  they  will  be 
able  to  move  a  much  greater  weight. 

Sledges  were  probably  the  lirft  machines  ufcd 
in  carrying  loads;  we  find  them  thus  employed  in 
Homer,  in  conveying  wood  for  the  funeral  pilie  of 
Palroc/us.     There   are   fome   countries  alfo,  that 

C'lrve  their  ufe  to  this  day.  However^  men  early 
n  to  find  how  much  n^.ot*e  ealily  a  machine 
tould  be  drawn  upon  a  rough  road,  that  run  upon 
wheels^  than  one  that  thus  went  with  a  Hiding 
motion.  And  indeed,  if  all  furfaces  were  I'moorh. 
And  even;  bodies  could  be  drawn  with  as  much 
cafe  upon  a  Hedge  as  upon  wheels;  and  in  HQlLuid, 
Lapland^  and  other  countries,  they  ufe  ncJ^t',\:s  ut^on 
the  fmooth  furface  of  the  ice  •  for  as  every  rirLivrc 
Upon  which  we  travel  is  ufually  rough,  whcvls  have 
been  made  ufe  of,  which  rub  Icfs  aguinll  tlie  ine- 
t]ualities  than  Hedges  would  do.  In  l>ct,  wheels 
iyould  not  turn  at  all  upon  ice^  if  it  were  perfectly 
finooth^  Xov  ihe  c^.ufc  of  the  wheels  turning  upon  a 
common  road,  is  theobllacles  it  continually  meets. 
tor  if  we  fuppofc  the  wheels  to  be  lifted  from  the 
l^rouiid,  and  carried  along  in  the  air,  the  wheels  in 
this  cafe  would  not  turn  at  all,  for  there  would  be 
nothing  to  put  any  part  into  inotion  rather  tha''# 
tmother  5  in  the  fame  manner,  if  they  w  ere  carried 
along  upon  pcrfee'lly  fmoorh  ice,  they  would  meet 
nothing  10  give  a  bc^jinning  to  the  circulatory  mo- 
•fcipn^  and  all  ch'^ir  pans  would  rrll  ec\vvw\\\v  -^xYxVc, 

.A  a  2  "        \Sw\. 
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unlcfs  the  wheel  moves  round.  And  th 
that  the  obllacles  in  the  rough  road  caufe 
culatory  motion  in  the  wheel. 

The  j<i;;..;v  :.'    score's   arifes  therefo 
rholr  tiirninc  about  their  axis,  the  rcfirtanc 
Tivm  uivTcii  n  is  very  much  diniiniflied, 
ilr.M'r  is  ihcri:l\v  rendered  inoreeafy;  and 
rtnd  by  experiment  that  it  requires  confidei 
fiTce  to  l^.•a\v  a  carriage  when  the  wheels 
to  turn  aVoiit  :hoir  axis,  than  when  they  are 
tOiTcthiT  .1"  J  c^mT-iot  turn.  Accordinij  to  1- 
a  catriage  w  i;h  loiir  wheels  w  ill  be  drawn  ^ 
times  ii'?  fmall  an  cirort  as   one  that  Aide 
iVaiie  ri:r:ave  in  a  sledge.     IVom  the  foregi 
perinieiu   it  r.v^t  only  appears  that  the  fr 
\ery  much  k*lilr.ed,  bii:  that  this  diminut 
not  arifo  tiom  rhi'  \\hv.vls  touching  the  pk 
hw  points,  bu:  lo  their  rotation  on  their  a 

A  111  dire  paliing  c\cr  a  plane  undt 
friciicn,  or  niKiinjT  of  it's  p.;rrs  againft  tl 
t\]ual  tv^  the  diliance  through  which  it  mo> 
it  an  axis  be  app!ied  whoie  circumfcrenc 
inchcN,  and  on  th^r  a  wheel  be  placed  \\\ 
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lade  but  one  revolution  in  the  fame  time,  there 
as  been  only  a  Aiding  of  the  parts  equal  to  the 
ircumference  of  the  hole  in  the  nave  here  fup- 
X)fed  to  be  about  fix  inches,  fothat  the  fridlion  is 
cffcned  about  as  one  to  thirty-fix ;  bcfides,  the  ad- 
vantage gained  by  confining  it  to  fo  fmall  a  fur- 
face,  whereby  the  parts  are  more  cafily  kept 
fmooth  and  fitted  to  each  other,  and  fubftanccs 
applied  and  retained  to  IcflTcn  the  remaining  fric- 
tion.* 

By  the  application  of  wheels  to  a  carriage,  tbi* 
frif/ion  is  ItJfeneA  in  proportion  of  the  diameters   of 
the  axis,  and  concave  parJ  of  J  he  naves  to  thoje  of 
the  wheels. 

When  a  carriage  is  drawn  up  hill,  or  any  re- 
gular plane  afcent  without  wheels,  you  have  not 
only  the  friftion  to  overcome,  but  the  power  mufl: 
alfo  be  fufficient  to  overcome  that  proportion  of 
the  weight  of  the  carriage,  that  the  perpendicular 
part  of  the  inclined  plane  bears  to  that  portion  of 
.the  plane. 

Wheels  applied  to  a  carriage  moving  up  a  re- 
gular plane  of  afcent  appear  only  to  aA  as  remov- 
ing the  friction,  for  though  thdy  may  be  confidered 
^  levers,  vet  as  each  arm  of  the  lever  is  leninhened 
ii^  proportion  to  the  fize  of  the  wheels,  the  power 
^'ill  be  only  augmented  as  far  as  the  afcent  can  be 
.conlidercd  as  a  mechanical  power  for  raifing  the 
wheels,  carriage,  &c.  to  the  top  of  the  hill. 

Large  wheels  have  the  advantage  of  fmall 
^nes  in  overcoming  obftacles,  becaufe  they  adt  as 
'<^vcrs  in  proportion  to  their  fizcs.  That  in  genc- 
^^\  the  center  of  gravity  fliould  be  as  near  as  may 
.*^c  to  the  axis  of  the  wheel  ;  and  where  fafery  is 
Particularly  confidered,  the  nearer  that  center  is  to 
^hecrround  the  better. 

Aa3  If 
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*  Arftice's  Remarks  on  the  comparative  Advantages  of  XA'hrcl 
^^irtugcsj  p.  21,  40,  41,  42.  <lc. 
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If  the  furpenfion  be  below  and  thehodjr 
yarned  forwards,  (as  is  the  cafe  with  two.  H  ^' 
'  carriages  defcending  hills)  then  will  the  gi^ 
part  of  the  weight  be  thrown  before  the  an^i 
niuft  be  partly  borne  up  hy  the  horfe  that  draf 
in  afccnding,  the  fame  proportion  will  be  ttm 
backwards  and  tend  to  lift  the  aftimaK  If  I 
body  be  fufpendtd  above  the  center  of  gravity^ 
difad vantages  will  be  cqual^  but  the  c^^  iriHI 
Tcverfcd. 

The  htcft  experiQienti  oh  this  fubjed  h^] 
been  made  by  the  Rev.  Mr.  Vincc.     Some  rdUfii  j 
(hereof^  which  |iave  been  publiftied  in  hisexcd*- 
lent  "  Plan  of  a  Courfc  of  Leftures  on  the  Vm\\ 
ciples  of  Natural  Philofophy/'  I  (hill  now  lay  1^. 
^ore  you ;  befides  the&j.  there  are  f^veral  curidM 
obfcrvations  on  this  fu^jedb  by  Nfr.  L.  Edgwot& 
publifhed  in  the  ''  Tranfatflions  of  the  Royal  Im 
Acadcniy/*  which  are  well  worth  your  attemioiii 
of  which,  however.  I  (hall  only  tnentipn  that  whic^ 
relates  to  tl^c  ufe  of  fprings  when  applied  to  car* 
fiages. 

Mi^.  ViNCE  ON  Wheel-Carriages,  qn  ptAiif 
HARD  Ground. 

If  t;hc  M-heels  be  all  equal  and  narrow,  it  re-, 
quires  the  fame  weight  to  draw  the  carriage,  whc- 
tHcr  it  be  goaded  before  or  behind. 

If  broad  wheels  be  put  on  of  the  lame  fizcand 
w  eight,  it  requires  the  fame  weight  to  draw  the 
carriage  as  for  the  narrow  wheels,  at  whatever  part 
it  is  loaded. 

If  two  wheels  be  low  and  two  high,  it  requires 
a  greater  weight  to  draw  the  carriage  than  whco 
all  are  high. 

In  this  cafe  it  makes  no  fenfible  difference 

which  go  before.     The  common  opinion  therefore 

*    '      ^       '      '  '  thai 
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hat  the  high  wheels  drive  on  the  lower  when  they 
50  forward  is  not  true. 

If  the  wheels  be  all  equal,  it  requires  ^ 
greater  weight  to  draw  the  carriage,  the  Icfs  the 
nhcels  are. 

The  difadvantage  of  fmall  wheels  arifes  from 
bence,  that  the  refiftance  of  the  ground,  which 
turns  the  wheels  about,  more  eafily  overcomes 
the  friction  at  the  axle  in  a  large  than  a  fmall 
wheel,  bccaiife  it  afts  at  a  greater  diftance.  Foe 
the  mechanical  advantage  of  wheels  is,  that  the 
fcfiilance  which  mnft  be  overcome  by  a  force  more 
thui  equivalent  to  it  if  the  wheels  could  not  turn, 
ii  overcome  by  a  Icfs  force  in  the  proportion  of  the 
fadius  of  the  wheel  to  the  radius  of  the  axle,  whcr^ 
ibc  wheels  do  turn.  Hence  the  difadvantage  of 
hyiBg  the  load  upon  the  Ipw  wheels,  as  it  increafes 
Ihc  fricUon  where  there  is  the  leaft  power  to  over- 
come it.  Where  the  load  is  but  fmall,  and  confe- 
JucQtly  the  fridion  but  fmall,  there  is  but  a  fmall 
ifference  between  the  fmall  and  large  wheels ;  but 
when  the  load  is  great  the  difference  becomes  con*,^ 
fiderable. 

On  harj>  Ground  with  Obstacles, 

If  /f'be  the  weight  of  the  carriage,  and  thq 
center  of  gravity  be  in  the  middle;  alfo  if  r=r^ 
the  radius  of  the  wheel  and  A==the  height  of  the 
obflacle,  then  the  power  P  afting  parallel  to  thf? 
borizon  which  is  juft  fuflicicnt  to  ballance  the  car- 
riage at  the  obftacle  without  drawing  it  over  =^ 

or — 2x 

For  the  power  may  be  conceived  to  be  draw 

nga  weight  up  an  inclined  plane,  which  is  a  tai%-* 

?cnt  to  the  circle  at  the  point  where  it  touches  the 

b(|aclc ;  and  as  whei)  that  end  rifcs^  the  other 

A  a  4  li^Rit 
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rdb  upon  the ^ horizontal  pline«  the 
elevate  a  weight  only  equal  to  f/F., 

Experiments  of  this  kind  are  fubjeA  to  !mo- 
curacies  which  cannot  be  accounted  for.  The 
power  will  fometimes  hang  for  fomc  time  without 
Bioving  the  carriage,  and  then  it  will  fuddenl^ 
draw  the  carriage  over  the  obftaclCp  Somccimrs 
there  will  be  a  difference  of  half  an  ounce  out  of 
about  ten  ounces  in  drawing  the  fame  earn; 
over  the  fame  obAacie^  although  every  care  is  uh 
to  have  all  the  circumftances  accurately  the  &mc. 
Many  of  the  experiments  however  anfwcr  v^ 
nearly  to  Ijhe  theory*  nor  do  any  of  them  diffct 
from  it  very  matcriaUy. 

•       The  ufc  of  high  wheeh  in  going  over  obfb- 

clcs  is  very  cnanifeft  from  this  propoiltion,  acdas 

carriages  aie  continually  going  over  obflacks^hig^ 

wheels  will  always  have  the  advantage.     Moreover 

in  linking  into  hoks  they  have  a  double  advanuge, 

iirft,  they  do  not  fink  fo  deep  as  low  ones  would i 

and  feconclly,  iifter  iinking,  they  alccnd  again  with 

lefs  power.     As,  when  the  center  of  gravity  isia 

the  miildk'  of  the  carriage,  the  power  has  but  half 

it's  \vt::i.';ht  to  elevate  in  going  over  an  obftacle, 

therckic  when  the  load  is  not;  in   the  middle,  it 

throws  the  center  of  gravity  toN^ards  one  end,  and 

therefore  when  tliat  end  goes  over  an  obflacle  the 

power  has  more  than  halt  the  weight  to  raife,  the 

prelTur^*  upon  each  wheel -being  invcrfely  as  the 

diltancc  of  i^ccenter  of  gravity  from  them.  Hence 

every  carriage  fliould  be  loaded  moft  towards  the 

Jiighefl.  wheels,  by  which  means  lefs  than  half  the 

weight  will  be  thrown  upon  the  lower  wheels,  ancj 

thus  each  pair  of  wheels  may  be  made  to  require 

tlic  kimc  power  to  draw  them  over  an  obftaclc. 

The  fame  power,  however,  that  may  be  neceflary 

for  one  obliacle  will  not  be  futticient  for  another. 

Jf  the  heijjht  of  the  pbftacie  bg  incunfuJetaWj 

in 
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\  rcfpe(fl  to  the  radius  of  the  wheel,  which  is  the 
afe  with  the  common  obftacles,  as  ftones,  &c, 
•hich  carriages  ufually  meet  with,  thenP=  //^X 

/iT.     Now  as  each  pair  of  wheels  has  the  fame 

X 

bftacles  to  go  over,  x  is  given,  and  that  P  may  be 
;iven,  or  that  it  may  require  the  fame  power  for 
ach  pair,  /f^muftvaryas  V^r;  now  the  weight 
iipported  by  each  wheel  is  inverfely  as  it's  diftancd 
rom  the  center  of  gravity.  Hence  to  overcome 
mall  obftacles,  the  diftance  of  the  center  of  gra- 
vity from  the  great  wheels  ;  it's  diftance  from  the 
mall  :  :  the  fquare  root  of  the  radius  of  the  fmall 
i^licel  :  the  fquare  root  of  the  radius  of  the  large 
vheel.  The  radii  of  the  wheels  of  a  common 
va^on  are  about  5  ft.  8  im  and  4  ft.  8  in.  and 
he  diftance  of  the  wheels,  when  narrow,  about 
)  ft.  6  in.;. hence  the  center  of  gravity  of  the 
oad  of  a  waggon  ought  to  be  about  3,  6  in.  nearer  to 
he  higher  than  to  the  lower  wheels.  For  a  broad 
/vheel  waggon,  where  the  diftance  of  the  wheels  is 
ibout  7  ft.  10  in.  i?he  center  of  gravity  ought  to  be 
ibout  4,  2  in.  nearer  to  the  higher  than  tp  the 
ower. 

It  appears  alfo  that  when  fV  and  .v  are  given 
md  X  is  very  fmall,  P  varies  inverfely  as  the  fquare 
•oot  of  the  nidius  of  the  wheel.  Hence  the  advan- 
:ageof  a  wheel  to  overcome  a  fmall  obftacle  varies 
IS  the  fquare  root  of  the  radius  of  the  wheel.  Thi* 
relillance  of  the  obftacle  caufes  the  wheel  to  turn, 
but  this  refiftance  is  not  fridtion;  for  friclion 
mfes  from  the  rubbing  of  the  parts  of  one  body 
igainft  thofe  of  another,  whereas  there  the  wheel 
only  turns  upon  a  point;  the  fridion  therefore 
only  takes  place  at  the  axle,  where  the  parts  rub 
one  againft  another.  There  is  therefore  no  fric- 
tion at  the  ground,  unlefs  when  the  wheels  Aide, 
li'hich  is  the  cafe  when  they  arc  chained  together, 

which 
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which  is  frequently  done  to  prevent  them  fintj 
ntnning  too  fall  down  a  hili. 

Upon  Sand. 

It  requires  a  lefs  force  to  draw  a  narrow  4Mti 
^  brpa<i|  wheel  carriage  upon  fand. 

The  difadvantagc  of  the  broad  wheels  (ecnM 
frife  from  their  driving  the  fand  before  them. 

If  two  wheels  be  high  and  two  low^  icrequtitt 
a  greater  force  to  draw  the  carriage  than  whenaB 
tl^  wheels  are  high. 

If  all  the  wheels  be  Iow»  it  requires  a  gititcf 
forte  to  draw  the  carriage  than  in  the  laft  cafe. 

In  all.  thcfe  cafes  it  requires  a  lefs  force  t» 
^raw  the  carriage  wh^n  loaded  behind  than  be* 
fore. 

Whatever  permits  the  loadT  to  rife  gradusllf 
pver  an  obftacle^  without  obftru<%ing  the  velaitf 
of  the  carriage,  will  tend  to  facilitate  it's  draughc» 
and  the  application  of  fprings  has  this  cffeil  toa 
very  confidcrablc  degree;  the  fame  weight  of  four 
pounds  being  drawn  over  the  fame  obftacks,  when 
fprings  were  put  between  the  load  and  the  car- 
riage, by  four  pounds  inftead  of  fourteen.  This 
remarkable  difference  points  out  the  great  advan- 
tigc  of  fprings  in  rough  roads,  an  advantage  which 
might  be  obtained  for  heavy  waggons  as  well  as 
for  other  carriages,  by  a  judicious  application  of 
the  fame  means. 

It  appears  from  the  Memoirs  of  the  Frencl^ 
Academy,  that  the  idea  of  applying  fprings  to  car- 
riages had  occurred  to  M.  Thomas,  in  the  year 
1703,  who  has  given  a  drawing  of  a  carriage  con- 
ftrudted  upon  this  principle  many  years  before  it 
was  attempted  to  be  put  in  execution.  So  little 
expectation  had  he  of  fucccfs,  that  he  exprcfsly 

mqitiom 
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mentions  it  as  a  theory  which  could  not  Be  reduced 
to  prad^ice ;  he  had,  however,  no  notion  of  apply- 
ing fprings  to  facilitate  the  draught,  but  merely 
fpr  the  convenience  of  the  rider ;  and  I  apprehend 
that  it  is  not  at  prefent  commonly  imagined  that 
fprings  are  advantageous  for  this  purpofe  ;  nor 
would  it  at  firft  fight  appear  credible,  that,  upon  a 
rough  paved  road,  fuch  as  are  common  in  Chefliirc 
and  other  parts  of  England,  a  pair  of  horfcs  coulcj 
draw  a  carriage  mounted  upon  fprings  with  greater 
cafe  and  expedition  than  four  could  draw  the  fame 
carriage  if  the  fprings  and  braces  were  removed, 
and  the  carria^  bolted  faft  down  to  the  perch. 

The  rcafon  why  fprings  fo  much  facilitate  the 
draugl.t  of  o/.rriages  fcems  to  be,  not  only  that  they 
iillow  the  wheels  to  pafs  more  gradually  over  the 
pbflacles,  but  that  by  their  clafticity  they  make  the 
Carriage  bound  upwards  every  monlcnt  for  a  fmall 
ivay  ;  thus  it's  gravity  is  for  that  moment  in  a  great 
tncafurc  counteraAed,  and  the  progrelUve  motion 
Vrhich  it  has  already  acquired  is  at  liberty  to  act 
inore  freely  in  pufhing  it  forward  ;  for  were  it 
poinble  very  fuddcnly  to  nke  away  the  horfes  from 
a  carriage  mounted  on  fprings,  and  moving  with 
coniiderablc  velocity,  it  would  continue  for  fomc 
time  to  move  of  itfclf ;  the  weight  in  this  cafe 
a(5ting  as  a  fly  upon  any  mechanical  engine,  by 
means  of  which  the  machine  accumulates  a  certain 
quantity  of  power,  and  will  keep  itfelf  in  motion 
for  a  confiderable  time  after  the  hand   is  taken 
away  from  it.     The  weight  of  all  carriages  indeed 
has  fome  effedl  of  this  kind,  otherwifc  the  draught 
would  require  an  intolerable  exertion  of  llrength  ; 
and  it  is  to  be  obferved,  that  this  tendency  to  pro- 
ceed in  the  dire^lion  in  which  it   is  once  fet  a 
goings  is   remarkable    in   all    great  quantities  of 
iiiatter,  and  very  perceptible  even  when  weights 
arc  pulled  dircdUy  upward  ;  for  in  raifmg,  great 
"*     ►  weights 
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weighcs  by   a  craiiei  the  bufdett  »  It  teed  wit| 
connderable  more  ea^  whcn^  imi:  the  cop  thm . 
bottom^  even  after  making  every  ticccirafy  allov-'^ 
ance  for  the  weight  of  the  rope. 

I  have  now  finifhed  the  Icftures  oiit  nicch:- 
nieSf  a  fcience  of  uvhofe  importance  you  caniK^r 
be  igDoranti  as  it  is  to  .the  manufaiinrer  and  tk 
merchant  that  this  nation  owes  it's  power  and  glpr  , 
The  manufactiirer  fuppUes  the  merchant,  aed  i  : 
merchant  fupplies  the  world  with  all  it's  wealM. 
It  is  thus  that  iudultry  is  promoted^  arcs  invented  I 
^nd   improved^  commerce  exceii|{g^  fuperfiuitiaj 
mutually   vended^  and   wants  m^|UIy  fupplicdrj 
(bat  e^ch  man  becomes  a  ufefut  memberof  focietyij 
chat  country  is  tied  to  country,  and  clime  to cliour^^ 
that  the  rcmoteft  regions  are  brought  to  neigh-, 
bo^irhood  and  convcifc.     It  is  thus  the  labour  of 
irKiividuals  knits  into  one  family,  and  weaves  imo 
one  web  the  affinity  and  brotherhood  of  mankinA 

Manufadurers  bear  fo  intimate  a  relation  to 
the  mechanical  powers,  as  to  be  incapable  of  fub- 
fifting  in  any  degree  of  vigour  without  their  fup- 
port ;  the  operations  would  be  tedious,  expenfive, 
and  imperfect,  if  performed  by  the  mere  efforts  of 
human  ftrcngth  or  manual  Ikill,  unafiiltcd  by  me- 
chanical aid.  The  mechanic  powers  facilitate 
tlieir  perforniancc,  and  render  their  prodLCtions 
more  complete. 

Moft  of  our  manufadurcs  arc,  under  provi- 
dence, entirely  dependent  on  our  machines.  Of 
the  importance  of  the  fleam  engine,  and  the  appli- 
cation of  it's  a^livc  and  potent  principles  to  the 
brewery  ;  to  machines  for  fpinning  cotton  and 
grinding  corn,  &:c.  &:c.  you  are  well  acquainted, 
and  mult  therefore  be  fenlible  of  the  importance 
of  mechanical  knowledge,  which  will  be  of  the 
higheft  value  as  long  as  induftry  and  commerce  arc 
the  natural,  the  living,  the  never  failing  fountain^ 

from 
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firom  whence  alone  the  wealth  of  this  world  can  be 
tought  to  flou\ 

'  Dr.  Smith  in  his  *'  Jrealth  of  Nations;'  has 
fliewn  that  the  produdive  powers  of  labour^  and 
the  greater  part  of  the  Jiifl^  dexterity,  or  judgment 
vnih  which  it  is  any  where  directed  or  applied, 
fccms  to  have  been  the  effects  of  the  divifion  of  la- 
bour: what  is  the  work  of  one  man  in  a  rude  (late 
offociety  being  generally  that  of  fcveral  in  ah  im- 

rved  ftate.  To  make  this  more  cafily  underftood, 
confidering  fomc  particular  manufafture,  he 
inftances  that  of  a  pin-maker;  a  workman  not 
educated  to  this  bufinefs,  nor  acquainted  with  the 
nacbinety  ufed  in  it,  which  the  divifion  of  labour 
lias  rendered  neceflary,  could  fcarce,  perhaps  with 
his  utmoft  induftry,  make  twenty  pins  in  a  day. 
But  in  the  way  which  this  bufinefs  is  now  carried 
on,  not  only  the  zvhole  zcoric  is  a  peculiar  trade> 
but  it  is  divided  into  a  number  of  branches,  of 
which  the  greater  part  are  likewife  peculiar 
trades. 

One  man  draws  out  the  wire,  another  ftraitcns 
it,  a  third  cuts  it,  a  fourth  }X)inrs  it,  a  fifth  grinds 
it*s  top  for  receiving  the  head  ;  to  make  the  head 
requires  two  or  three  diftinct  opcraiions ;  to  put 
it  on  is  a  peculiar  buiincfs,  to  whiten  the  pins  is 
another;  it  is  even  a  trade  by  itfclf  to  put  it  into 
paper.  And  the  important  bufinefs  of  making  a 
pin  is  in  this  manner  divided  into  about  eighteen 
rfiftind  operations,  which  in  fonie  manufactories 
are  all  performed  by  diltinrt  hands,  though  in 
others  the  fame  man  will  perform  two  or  three  of 
them.  Dr.  S.  mentions  a  fmall  manufadory  where 
ten  men  only  were  employed,  and  where  fome  of 
ihcm  confcquently  performed  two  or  three  diftinc^t 
operations  ;  but  though  they  were  poor,  and  there- 
fore but  indififerently  accommodated  with  the  ne- 
ceflary machinery,  they  could,  when  they  exerted' 

them- 
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thcmfelves,  make  among  them  abcmt  twelve  pouni 
of  pins  in  a  dax-  There  are  in  a  pound  upward 
4000  pins  of  a  middling  fiEe«  they  could  thcrtft 
make  anumg  them  upwards  of  4S000  pins  in  a  dap 
each  perfon  therefore  making  a  tench  part  of 
48000^  might  be  confidcrcd  a«  making  4800  pins 
a  day.  But  if  they  had  all  wrought  feparatcly, 
and  indepcndandy»  and  without  having  been  edu- 
cated to  this  peculiar  bufinefSj  they  certainly  coitld 
not  each  of  them  have  made  twenty  pins  a  diy, 
perhaps  not  onCi  that  is  certainly  not  the  240thj 
perhaps  not  the  4800  .  part  of  what  they  m 
at  preicnt  capable  of  performing,  in  confequtnc^ 
of  a  proper  divifion  and  combinatioa  of  iheir  dif^/ 
fercnt  operations*  ] 

By  this  great  increafe  in  the  quantity  of  worki 
Mrhich  is  in  confcqucncc  of  the  divifion  of  labotiTi 
the  fame  number  of  people  are  capable  of  pcrfonn* 
ing  is  owing  to  three  different  circumilaaccs: 
I.  An  incn'qfc  of  dexferily  in  every  particular 
workman.  2.  To  the  fazhti^  tf  iimi\  which  \% 
commonly  loil  in  paffing  from  one  fpccies  of  work 
to  another.  3.  lo  the  invention  of  a  great  n\m^ 
hex  of  wui bines,  which  facilitate  and  abridge  Ia« 
bour,  and  enable  one  man  to  do  the  \^ork  of 
many. 

This  view  of  the  advantages  of  mechanici 
points  out  clearly  the  difl'crence  in  the  order  o{ 
Providence  between  man  and  the  brute  creation. 
**  In  every  forcft,  in  every  field,  God  has  fprcad 
the  carpet,  and  prepared  the  rcpafi  for  thofe  whom 
he  has  not  inlhucted  to  prepare  it  for  themfelvcs.. 
To  ;/;j/;  alone  he  gave  rcafony  invciiiioiii  and  2ifociil 
iiaturc ;  he  gave  him  li'riibiej/es  and  wanis  as  i 
fertile  though  humble  bed,  whefein  he  fowcd  the 
feeds  of  every  human  virtue.  By  thofe  Mcakncffd 
and  wajits  he  conipells  him  to  allbciate;  and  from' 
fociety  he  derive*  ail  the  conjugal,  paternal,  aofc 
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filial  endearments ;  the  friend,  the  neighbour,  the 
:itizen»  countryman,  and  all  the  charities  that  unite 
ihc  great  brotherhood  of  man. 

"  God  fufFcrs  not  any  man,  and  rarely  any 
nation  to  be  fufficient  to  itfclf,  or  of  ability  to 
fupply  it's  own  occafions ;  the  wealthicft,  the 
ttrongcft,  the  wifeft  individual,  though  of  power 
to  extend  his  fervicc  through  his  country  and 
through  the  world,  cannot  lingly  provide  for  his 
perfonal  fubfiftence. 

Thus  man,  who,  in  himfelf,  is  the  moft  im- 
potent and  pitiable  of  all  living  creatures,  be- 
comes the  moft  powerful  and  formidable  through 
community  ;  from  his  zveakfte/she  gathers  ftrengtb^ 
and  from  ivants  he  gathers  plenty.  For  here, 
and  here  alone,  God  hath  laid  the  foundation 
of  all  the  wealth  and  dominion  that  ever  rofe  upon 
earth.  The  innumerable  wants,  infirmities,  and 
difeafcs  that  arc  incident  to  human  nature  demand 
an  innumerable  provilion  frgm  the  various  arts, 
fcicnces,  maiiufaftorics,  and  occupations  that  are 
cxcrcifcd  and  cultivated  throughout  the  earth  ;  for 
from  thefe  alone  arifes  the  univerfal  wealth  of  the 
world  ;  whatever  is  neccffary,  ufeful,  commodious  ; 
whatever  conduces  to  the  convenience,  delight^ 
or  hiippincfs  of  mankind.  Hence  the  buzz  ot 
wheels,  reels,  and  looms  ;  the  found  of  hammers, 
files,  and  forges ;  the  Ihouts  of  vintage,  and  the 
fongs  of  harxcft. 

TboHgb  man's  life  con/ijlctb  not  in  the  abundance 
of  bis  poffefions^  yet  induftry  which  is  the  natural 
parent  of  opulence,  is  as  well  a  blcdiug  as  a  duty 
to  man,  ever  lincc  he  was  appointed  to  earn  bis 
Iread  zvitb  l be  fa- cat  of  bis  Lroiv.  Many  temporal 
benefits  follow  in  the  crain  of  induftry,  it's  works 
are  the  works  of  peace,  and  it  tends  to  open  the 
avenues  where  the  virtues  may  walk;  and  all  legi- 
ilatojs  arc  called  upon  to  encourage  the  mechanic 
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^rts,  that  they  maqr-^ornote  ingenuity  «QJI  wMi| 
tiy^  and  enable  the  manufa&Aitr  to«afewie«^ 
his  labour.    When  the  good  houfeharaer  vaUbctfi 
out  to  the  tnarket-j>faice»  and  fbund  hbbiutni  M^' 
tciring  there^  when  it  was  now  toward  the  erenii^^ 
he  aiked  thcm»  ffliy  ftand  ye  ben  idle  ?  and  wkcB 
they  an/were d^  hecauje  mo  man  baib  bired  or  given  gf  ^ 
employment^  he  took  this  for  afufficient  apologf^  j 
he  had  compaflion  upon  them,  and  he  lupplm 
them  with  the  dmneft  of  all  kinds  of  charity^ Jfr 
mems  of  earning  tb£ir  own  brtadJ^  ; 
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Hydrostatics* 


cience  dcfcribing  the  mechanical  dffec- 
of  fluids,  and  their  efficacy  in  the  produc- 
lofe  natural  phenomena  of  which  they  arc 
•diate  caufes,  is  properly  and  ufually  called 
1  writers  hydrodynamics^   and  is  divided 

'branches  ;  hydrojiatics^  whofc  objeft 
ition  between  the  weight  of  water  and 
lies  ;  and  hydraulics^  which  treats  of  the 
)f  water  through  pipes,  conduits,  &c. 
ics  is  now  ufed  by  us  with  greater  latitude 
)  the  fcience  dcfcribing  the  properties  of 

but  principally  thofe  of  water;  and  ex- 
the  motions  thereof,  whether  in  pipes, 
/phons,  fire-engines,  jet  d'caus,  &c.  and  I 
savour  to  exhibit  them  to  the  eye  and  to 
rftanding  in  the  moft  eafy  and  familiar 

principles  of  all  knowledge  are  founded 
the  mind  of  man,  cither  animated  by  de- 
rclFcd  by  necclTity,  puts  in  adlion  it's  va- 
rgics,  and  unfolds  the  feeds  of  knowledge, 
n  right  when  we  apply  to  any  fubjecl  only 
as  which  arc  derived  from  it's  real  na  . 
:  we  fall  into  every  kind  of  error,  when 
|udice  or  any  other  caufe  we  conclude 
e  have  reafoned,  reafon  before  we  know, 
ime  that  we  know  before  we  have  exa- 
The  more  fimple  the  objc<5l  is  in  itfelf, 
.IJL  Bb  \Vt: 


2^o     LicTrmis  os  TXm: 

m  ^         -^ 

die  foooew  die  oiiiiddtfbvicnit'i  nioiis  idfeioov 
and  is  citibkd  ti»  rife  fiim  OBcSirilh  ^  anocho'. 
till  it  fcacbcs  diofe 
Hence  it  ii  diat 
mooietrr  diaii  in  anf 
kdnal,  bccatile  die  bppoGtkmm  are 
pie,  and  otAj  abfbaii  pnycitics  aie  cvm&k 
but  when  macerial  objcdi  aiecoafidcied,  irf^ 

rlemencarf  parts  we  knov  ncidiGr  die  fiic      

form;  nor  die  lavs  bf  wluch  di^  iucili^^iiid 
yet  endeavour  to  foietel  their  eS=d%  id 
their  efibiti,  and  to  detcminc  ihetr  a&lofi«  &^ 
ture  flievi  herfelf  indcpendrat^  and  liuihfut  ta  til 
laws  prefcribcd  to  hcr«  and  of  wlticli  we  ateigno^ 
rant ;  (he  camradioj  our  vicws^  difconcotE  m_ 
projects,  and  renders  our  etfons  ufdcf^ 

It  is  thus  in  hydraulics;  cjcpericncc  comndids 
thcon',  and  the  ablcfl  mathemadcans^  a  Ncwtotiti 
Bcmouilli,  and  a  D'Alembert  have  not  bcenabk 
to  make  them  coincide.  Hence  our  knowledge  of 
this  fubjcct  13  vcf)' limited  J  for  though  during  I  ^ 
cqpric  of  ages  many  men  of  the  grcatcft  abilitks 
have  endeavoured  to  inveftlgate  chi^  fubjeifl^  it  u 
ftill  enveloped  in  ignorance,  and  furrounded  with 
difficulties.  We  arc  ftill  ignorant  of  the  true  lawi 
t^'hich  govern  the  motions  nf  ^^ater  ;  even  afliftci 
by  experiments  for  150  years,  we  can  hardl)  yetbc 
faid  to  have  determined  either  the  time,  thcquaiV' 
tity,  or  the  actual  velocity  w  ith  which  water  fpouti  [ 
from  a  given  aperture.  We  know  rtill  lefs  coi^ 
ccrning  the  uniform  motion  of  ihofc  rivers  andri- 
\u\cib  which  water  the  furface  of  the  earth*  That 
you  may  form  a  truer  idea  of  the  little  we  know,  I 
ihall  ^rivc  you  a  (hort  (ketch  of  fome  of  chofe  things 
of  w  hi(*h  we  are  ignorant. 

Were  it  necefiary  to  appreciate  the  velocity 
of  a  river,  whofe  breadth,  and  depth,  and  inelinl^ 
lion  afc  know  n>  U)  determine  the  height  it's  w*r 
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tcts  \viil  be  raifcd  by  the  acceflion  of  another  river, 
or  how  much  they  will  be  lowered  by  a  cut  from 
it  ;  to  fix  the  inclination  neceflary  to  give  to  the 
vaters  of  an  aqucdud  a  certain  velocity,  or  deter- 
mine the  capacity  of  the  bed  with  a  given  incli- 
nation that  Ihall  be  fufficient  to  fupply  a  certain 
town  with  water ;  fo  to  trace  the  windings  for  a 
river,  that  it  may  not  endeavour  to  change  the  bed 
in  which  it  has  been  inclofcd  ;  to  calculate  the 
:water  expended  by  a  conduit  pipe,  where  the 
length,  diameter,  and  charge  are  given ;  to  deter- 
mine how  much  the  waters  of  a  river,  a  canal,  &c. 
will  beraifedby  a  bridge,  a  lock,  &c.  and  how  far 
the  return  of  the  water  will  be  fcnfible  ;  to  aflign 
the  beft  form  for  the  mouth  of  canals  and  rivers  ; 
to  find  the  moft  advantageous  figures  for  fhips 
and  boats,  that  they  may  cleave  the  water,  and 
move  therein  with  the  leafl:  effort ;  to  calculate 
the  force  neceflary  to  move  a  body  floating  on  the 
Vater ;  all  thefe  qucftions,  and  an  infinite  number 
more  of  the  fame  kind,  cannot  be  folved  in  the  pre- 
fcnt  ftateof  this  fcience.  It  fccms  almoft  incredible, 
we  are  ftill  almofl:  ignorant  what  the  impulfc  of 
water  ftriking  diredtly  againft  a  plane  furface  is 
equal  to,  confequcntly  more  fo  when  it  impinges 
againfl  convex  and  other  curved  furfaces. 

Nay,  it  is  not  clear,  w  hen  we  confidcr  the  irh- 
menfe  aqueduds,  &c.  of  the  ancients,  whether 
they  did  not  know  more  than  we  do  on  thefe  fub- 
jcfts.  You  have  already  fccn  that  their  knowledge  of 
mechanics  was  greater  than  is  generally  believed, 
and  to  Arcbimedes  we  are  indebted  for  the  general 
principles  of  hydroftatical  knowledge;  he  even  goes 
fofar  in  one  of  his  works  as  to  cftablifli,  that  any 
point  whatfoevcf  of  a  fluid  mafs  is  equally  prefl'ed 
in  all  diretflions,  and  excrmines  the  conditions  ne- 
ceflary to  make  a  body  floating  on  a  fluid  take  and 
prefcrvc  an  equilibrium  of  lituation. 

B  b  2  Ow^ 
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One  hundred  years  after  him^  Ctefibius  id 
Hero  of  Alexandria  invented  fcvcral  ingcniou* 
hydraulic  engines;  among  r  fie  re  ue  may  reckon 
the  fountain  of  comprclTion,  ftiU  known  by  tbe 
name  of  Hero's  fountain^  and  the  bene  fyphon  fo 
tifeful  for  decanting  liquors  :  thus,  without  know- 
ing diftindly  the  fpring  and  weight  of  the  air^  ik% 
employed  thcfe  agents  with  fuccefi. 

S.  L  Frontinus  appears  to  be  the   firft  wb 
ha$  given  us  any  account  of  the  motion  of  fluids; 
he  was  infpedor  of  the  public  fountains  under  iht 
emperors  Nerva  and  Trajan  %  and  in  a  work  on  thii 
.iubjeA,  has  made  fome  very  valuable  remarks,  and 
communicated  fome  excellent  obfervations.    From 
his  time  to  that  of  Benedict  CafteHi,  the  friend  of 
Galileo^  we  find  no  tmces  of  any  further  progrcfs 
The  neceflity  of  guarding  againft  the  conunml  ifo 
mages  from  the  overflowings  of  the  rivers  in  luty 
induced  Urban  the  Eighth,  who  had  invited  QJ^ 
ielli  to  Rome  as  a  teacher  of  the  mathematics,  m 
rcqueft  he  would  apply  himfelf  to   this  fubjeds 
the  refult  of  his  inquiries  is  contained  in  his  trea- 
tife,  entitled,  Delia  mefura  dell  aeque  corrcntii  m 
this  he  was  ably  followed  by  Guglklmini  Frifi^&c. 
But  ftiri  we  fcarccly  find  one  writer  who  acquicfcci 
in  the  folution  of  another  ;  even  the  great  NruLi&n^ 
who  paid  particular  attention  to  fome  of  thefcfub- 
jecfts,  is  not  very  conliftent  with  hinifetf,     Herei 
therefore,  much  remains  for  future  experiments,  , 
in  order  that  new  axioms  may  be  eftablifhed,  new 
inventions  found  ;  thus  the  great  volunae  of  na- 
ture is  calculated  by  the  omniscience  or  it's  au- 
thor to  afford  fcope  to  the  virtuous,  and  honour- 
able employment  to  fages  and  philofophers,  till 
they  are  removed  to  a  more  perfcA  fyfteni,,  where 
the  FIRST  will  take  place  of  second  caufes,  when 
the  fihii  which  is  fpread  over  the  corporeal  eye 
^ill  be  removed,  new  ob^ecits  pr<ifentcd^  and  new 
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fccncs  difclofed  under  the  alped:  and  illumination 
of  a  brighter  sun. 

Or  Fluidity. 

A  fluid  is  generally  defined  to  be  a  body 
vhofe  parts  areTo  loofely  connefted  together,  that 
<hey  cafily  yield  to  any  force  imprefled  upon  them, 
and  move  freely  amongft  each  other.  In  this 
fchfc  fire,  air,  mercury,  water,  &c.  are  confidcrcd 
as  fluids. 

In  almoft  every  phyfical  fpeculation,  wherever 
experiment  can  reach,  the  fubjecl:  will  admit  of 
fome  illuftration ;  where  that  is  denied,  the  reafon- 
ings  are  in  general  vain  and  conjectural.  We  do 
not  know  the  form  of  the  parts  of  which  fluids  are 
:ompofed,  and  can  make  no  experiments  to  reduce 
Jhen^  into  the  primary  particles  of  which  they  arc 
:ompofcd. 

There  is  nothing  more  difi'erent  in  accuracy 
tnd  truth,  than  that  apprehenfion  which  is  ade- 
|uatc  to  the  p^irpofcs  of  the  vulgar,  and  that  which 
Hight  to  fatisfy  the  invcftigation  of  a  philofopher. 
Thus  there  is  nothing  more  obvious  to  the  vulgar 
h^n  fluidity^  yet  the  philofopher  finds  it  a  property 
lifficult  to  be  conceived,  and  which  he  could  not 
five  credit  to,  if  it  was  not  rendered  familiar  to  him 
>y  cuitom  and  experience;  it  is  a  phyiical  pheno- 
nenon  which  has  not  ycr  been  explained,  and  of 
i  hich  it  is  very  difficult  to  give  a  clear  account. 
•low,  indeed,  can  we  comprehend,  that  a  materiaJi 
nd  incomprcfliblc  fubflance  can  bo  compofed  of 
>arts  fo  elementary,  fo  moveable  among  thcm- 
clves,  and  yet  with  fo  little  adherence,  as  to  atlumc 
mmediatcly  the  form  of  any  vcilcl  into  which  it  is 
»oured;  that  it's  furfacc  is  always  parallel  to  the 
orizon,  or  perfcdly  level;  that  in  fyphons,  or 
rhcn  agitated  by  the  wind,  it  makes  ifochronc  vU 
B  b  '1  bratioiTs, 
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bratioDS,  or  undulations  like  a  pendulum ;  ihatit 
nins  off  where  favoured  by  the  fmalldl  dcfceiUj 

Fluidity  is  caufcd  by  a  certain  degree  of  fire, 
which,  when  employed  for  this  purpofe,  difappcan 
w:ith.rerpcd  to  any  other  fcnfiblc  or  pi Tccptinle  cfn 
fcdL  It  docs  not  dilate  the  voluniCj  but  rciilU  ih 
parcicubr  attachment  ot  the  parts, 

Some  h;ivc  endeavoured  to  give  mcchamcil 
ide^ft  of  z  fuiJ  tody,  by  comparing  it  to  a  heap  of 
fond;  but  the  inipoflibility  of  giving  fluidity  by 
^ny  kind  of  mechanical  comminution,  will  appear 
by  coiifidcring  two  of  the  circumlla.ncca  ncccifari 
to  conilitute  a  fluid  body. 

1.  That  the  parts,  not  with  (landing  the  greawft 
compreflionj  may  be  moved,  in  relation  to  each 
pcherj  with  the  fmalleft  eonceivable  forcej  or  wilt 
give  nojenfthk  rejijlanci  to  motion  within  the  mafi 
in  any  direclion. 

2.  That  the  parts  Ihall  gravitate  to  each 
other,  whereby  there  is  a  conftant  tendency  to  ar- 
range  themfelves  about  a  common  center,  and  form 
a  fpheric4l  body;  which,  as  the  parts  do  not  refill" 
potion,  is  eafily  executed  in  fmall  bodies.  Hence 
the  appearance  of  drops  always  take^  place  when  % 
fluid  is  in  proper  circumftances. 

Let  us  now  fee  how  far  thefe  qualities  maybe 
procured  by  mechanical  operations,  even  executed 
without  thofc  imperfections  that  ncceflarily  atten4 
human  performance. 

A  body  of  fand,  the  particles  of  which  (houl4 
be  perfedly  fpherical  and  polilhed,  or  fmooth, 
would  oqly  imitate  a  fluid  in  being  ^ible  to  fprcad 
itfelf  upon  a  fniooth  plane,  inftead  of  lying  in  a 
heap,  but  would  poflcfs  neither  of  the  two  qualitiq 
cflehtial  to  a  fluid  body. 

For  a  heap  of  fpherical  bodies,  if  comprelTed, 
could  not  move  by  relation  to  each  othefj,  excepl 
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by  a  force  fufficicnt  to  ballance  that  by  which,  in 
this  cafe,  they  are  neceflarily  retained  in  their 
places.  Neither  can  the  parts  of  the  fuppofcd 
body  of  fand  Cohere,  either  to  themfclvcs,  or  to 
other  bodies,  in  the  manner  of  fluids,  as  in  each 
particle  the  mafs  of  gravitating  matter  muft  be 
great  in  proportion  to  the  point  of  contaft  by 
vhich  they  ihould  cohere.  If  the  cohcfion  of  the 
particles  of  fand  increafcd,  the  fpreading  quality 
would  be  diminiflied. 

Many  other  differences  might  be  pointed  oUt; 
but  fuppofing  every  thing  elfe  favourable  to  the 
mechanical  theory,  yet  ftill  there  would  remain  to 
be  explained  the  operation  of  fire,  which  is  fo  ef- 
fcntial  to  fluidity.  This  would  lead  us  too  far,  as 
it  would  render  it  ncccflary  for  us  to  invefl:igate 
the  nature  of  that  refifl:ance  by  which  the  figure  of 
bodies  is  prefcrved  in  their  hardncfs. 

By  fire  hard  bodies  are  made  foft ;  but  it  is 
not  properly  that  portion  of  loofe  fire  which  aug- 
n^ents  the  volume  of  bodies  that  renders  them 
fluid:  their  fluidity  is  occafioncd  by  a  certain  qna)i-- 
^ity  of  fire ^  "j^bicb  then  difappearSy  ivith  regard  to 
^ny  other  Jcnfible  or  per/:epttble  effecL 

Of  THE  Gravity   of  the  Particles  of  Flitids, 
AND  it'^  Effects  on  the  Fluids  themselves. 

Though  no  one  finds  any  difficulty  in  allow- 
ing that  water  and  other  fluids  are  really  pon- 
derous, and  do  adually  gravitate  when  confidercd 
as  a  whole  body,  being  convinced  by  their  own 
fenfes,  that  a  veflcl  weighs  Icfs  when  empty,  than 
when  filled  with  any  fluid,  and  weighs  heavier  the 
more  it  contains ;  yet,  in  the  early  times  ofphilo- 
fophy,  there  were  thofc  that  believed  fluids  did  not 
gravitate  in proprio  loco,  as  they  termed  it;  that  is, 
u  hen  iininerfed  in  the  fame,  or  a  diflerwu  fluid.    A 

B  b  4  funplc 
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fimplc  experiment  will  fhew  you  that  they  were 
miftakcn,  and  that  fluids  lofe  nothing  of  their 
weight  in  proprio  loco.  Here  is  a  hollow  glafi 
ball,  fig.  5,  pi,  2,  furnifhcd  with  a  brafs  ftop-cock, 
and  made  fo  heavy  as  to  fmk  in  water.  Exhauftit 
of  it's  air,  and  then  fliut  the  cock.  I  cxhauft:thc 
air  from  it,  to  give  room  to  a  quantity  of  water 
equal  in  bulk  to  the  exhaufted  air.  Sufpend  it 
now  from  the  end  of  this  ballance,  fo  that  the 
bottle  and  the  ftop-cock  may  be  under  the  furfacc 
of  the  water  in  the  jar,  and  then  counterpoife  it  by 
a  weight  in  the  oppofite  fcale.  Now  open  the 
cock,  that  the  water  may  run  into  the  bottle,  and 
the  water  will  rufli  in,  and  the  ball  will  prepon- 
derate, and  bear  down  the  beam  on  which  it 
hangs ;  clearly  proving,  that  the  par  is  of  water  n^ 
tain  their  gravity  in  'uoater,  fo  as  to  prcfs  and  bear 
down  upon  the  parts  beneath  them,  otherwifc  the 
phial  would  not  become  heavier  upon  the  admiffion 
gf  the  water;  and  you  will  find  that  the  ba^U 
over-ballances  the  counterpoife,  as  much  as  the 
weight  of  the  quantity  of  water  in  the  ball. 

To  facilitate  the  explanation  of  hydroftatic 
phenomena,  it  has  been  ufual  for  the  writers  on 
this  fubjccit  to  confider  the  fluid  in  a  vcflcl  as  cut 
into  fcvcral  horizontal  planes,  or  imaginary  fur- 
faci'>,  and  to  confill:  of  avail  number  of  fmall, equal, 
lubricous,  fphcrical  globules.  Thus,/i^-.  2y  pLu 
A  BCD  may  rcprcfcnt  a  vcflel  conlifting  of  fuch 
globules,  a  b,  c  d,  c  f,  imaginary  horizontal  fur- 
fa<'cs.  Hclidcs  this  imaginary  horizontal  divifion 
.  of  a  fluivl,  they  often  confider  it  as  divided  into 
perpendicular  columns,  from  the  top  to  the  bot- 
fom  of  the  fluid,  as  aty^^^  3,  p/.  i. 

Though  fluids  arc  fubjcOt  to  the  laws  of  gra- 
vity as  vvc)l  as  folids,  yet  their  fluidity  occalions 
fonic  peculiarities  ncccliary  to  be  noticed.  The 
parts  of  a  foiid  are  fo  connected  together  as  to 

form 


Hydrostatics.  377 

form  but  one  and  the  fame  whole  ;  their  efibrt  is 
as  it  were  concentrated  in  a  lingle  point,  called 
the  center  of  gravity.  This  is  not  the  cafe  with 
fluids;  the  particles  here  arc  all  independent  of 
each  other,  are  extremely  moveable,  yielding  to 
the  leaft  effort  that  tends  to  feparate  the  one  from 
the  other. 

The  parts  of  a  fluid  gravitate  independently  of 
each  other.     This  is  a  natural  confcqut  nee  of  their 
fluidity,  or  their  not  adhering  together  ;  whereas 
the  particles  of  a  folid  cohere  together,  and  gra- 
vitate as  one  mafs.     It  is  clear,  from  this  prin- 
ciple, that  if  a  hole  be  made  in  a  vcffei   full  of 
^ater,  the  power  necelfary  to  prevent   the  fluid 
from  running  out,  muft  be  able  to  overcome  the 
column  of  the  fluid  prcfling  on  the  hole,  and  that 
the  weight  to  be  overcome  is   the  fame,  whether 
there  is  only  this  column  of  the  fluid  acting  on  the 
part  flopping  the  hole,  or  whether  the  velfel  be 
full. 

This  will  be  rendered  clearer  by  an  expc^ 
riment.  This  cylindrical  glafs  vcflel  (A  BCD, 
ff.  I.  pL  I,  Hydrojiatics,)  has  a  hole  at  bottom;  a 
cylindrical  tube  of  brafs  paflxrs  through,  and  is 
fitted  to  this  hole;  a  fmall  pifton,  or  plug,  is  fitted 
:o  this  tube;  and  being  well  greafcd,  Aides  eafily 
jp  and  down ;  a  long  wire  is  fixed  to  this  pifton, 
:o  be  hooked  on  to  one  arm  of  the  ballance  E  F. 
On  the  upper  part  of  this  Ihort  tube  I  can  occa- 
(ionally  fit  a  glafs  tube,  G  H,  which  is  exadlly  of 
the  fame  diameter  as  the  brafs  tube,  and  of  the 
fame  height  with  the  large  yeflel. 

I  fit  the  glafs  tube  in  it's  place,  and  pour  in 
water  up  to  this  mark.  Now  I  ftiall  put  weights 
into  the  fcalc  at  the  oppofite  arm  of  the  ballance, 
till  the  pifton  juft  begins  to  rife;  I  then  take  away 
the  glafs  tube,  and  fill  the  large  veflTel  with  water 
to  the  fame  height,  and  you  fee  that  the  fame  weight 

as 
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a$  before  overcomes  the  prcITurc.  KowasthcfxTC 
weight  o\  crcomcs  the  prelTurej  whether  a  column 
of  water  be  only  the  fl^e  of  the  piflon,  or  T.ihcther 
the  vefFcl  be  full  of  watcr^  it  is  clear  that  pm- 
liclcs  of  Water  excrcift-  their  gmvity  indcpcnJcitf 
of  each  other;  but  if  the  mafs  of  water  comiind_ 
in  the  outer  veflcl  was  changed  into  ice,  to 
the  pillon  you  mufl  ulc  a  weight  equal  to 
weight  of  the  uholc  coliinm  of  ice. 

The  Jurfaff'  nf  d  fluid  zvbkb  is  fontainedind 
epcnvrfft'U  and  free  from  all  external  jmpediincmj|^ 
will  he  U've!^  or  parallel  to  the  horizon*  No  part^ 
a  fluid  can  rtand  higher  than  the  reft ;  for  if  any 
(jnrt  be  raifcd,  it  mult  dcjccnd  by  the  force  of  gra- 
vity, and^  in  fo  doing,  will  fprcad  and  diffufe  itfcif 
till  it  is  on  a  level  with  the  other  parts;  for  havii^ 
gravity,  and  yielding  ealily  to  every  imprcllionj  tlicjf ^ 
obey  the  force  of  gravity,  and  flip  down  till  the; 
cdme  to  a  level. 

As  the  gravity  of  the  particles  reduces  tk 
upper  furfacc  to  a  level,   fo  likewife  it  occaiioasi 
prcflurc  on  the  lower  part,  greater  or  lefs  in  pro- 
portion to  their  depths  below  the  furface^  each  part 
containing  a   prcirure  equal   to  the  weight  of  all 
thofe   that   lie  above  it ;    confequcntly,  the  par- 
ticles which  arc  at  equal  depths  below  the  furtkc 
are  equally  preiled.     \n  other  word^^,  as  the  uppci 
furface  of  the  fluid  is  parallel  to  the  horizon,  and 
as  the  lower  parts  fuftain  the  upper,  and  are  preffcd 
by  them,  this  prefllire  will  be  in  proportion  to  the 
incumbent  matter,  that  is,  to  the  beighi  of  ihe  fluid 
ahove  the  particle  that  is  prejfed:  but  as  the  upper 
furface.of  the  fluid  is  parallel  to  the  horizon,  tf// /i^ 
points  of  any  furface  thai  you  may  conceive  within 
the  fluid,  parallel  to  the  horizon^  are  equally  prejfed, 
Should  thi3  equality  of  preflTure  be  at  any  timcdc- 
flroyed,  a/id  there  be  a  lefs  prefjure  on  one  pari  9/ 
the  furface  than  on.tVc  other  parts  ^  thp  fluid  yielding  * 
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» tny  impreflion,  this  part  will  be  moved,  that  Is^ 
nil  afcend  till  the  prejfure  becomes  equal. 

To  confirm  this  by  experiment,  take  this 
(lafs  tube,  open  at  both  ends,  and  (lopping  one 
»d  with  your  finger,  immerge  the  other  in  water. 
iTie  water,  you  fee,  rifes  in  the  tube;  but  the  tube 
being  full  of  air,  while  you  keep  your  finger  upon 
the  orifice,  the  rife  is  but  fmall;  but  if  you  take 
iway  your  finger,  that  the  air  which  is  comprcfled 
nuy  efcape,  the  water  will  rife  up  into  the  tube, 
uid  not  be  at  reft  till  it  attaint  the  fame  height 
«^ith  the  external  water. 

Solids,  you  know,  make  no  effort  but  in  the 
liredtion  of  gravity,  or  perpendiculary  down- 
i^ards;  but  fluids  exert  a  force  of  prejfure  equal  to 
beir  gravity y  in  all  dire^ions,  and  in  all  equally^ 
fhis  follows  from  the  nature  of  a  fluid,  for  it's  par- 
Iclcs  yield  to  any  impreflion,  and  are  eafily  moved; 
lereforc  no  drop  will  remain  in  it's  place,  if, 
^hilft  it  be  prefTed  by  a  fuperincumbcnt  fluid,  it  be 
ot  equally  preiTed  on  all  fides,  bccaufe,  being  a 
uid  itfclf,  it  will  yield  to  every  impreflion,  and 
egin  to  move,  unlefs  it  be  adled  upon  by  equal 
jrces,  in  all  pofliblc  dircdions.  But  it  cannot 
lOve,  becaufe  the  furrounding  drops  rcfift  on  all 
idcs  it's  motion  with  the  fame  force  that  it  endca- 
ours  to  move,  and  confcquently  the  drop  muft  rc- 
nain  at  reft  ;  and  what  is  thus  proved  of  one  drop, 
lolds  equally  true  of  all;  confequcntly  all  the  parts 
f  a  fluidy  at  equal  depths  belo^jo  the  JurfacCy  are 
'>reffed  ^^ually  in  all  diref/ions. 

Take  the  fcveral  glafs  tubes.  A,  B,C,  Dyfi^.  4, 
pL  I,  which  are  open  at  both  ends;  immerge  them 
in  water  to  the  fame  depth,  their  upper  orifice 
being  ftopped  by  the  finger.  Upon  taking  away 
the  finger,  the  water  will  rife  to  the  fame  height 
}n  all  the  tubes,  though  it  enters  the  lower  end  in 
Vpry  diflfcrcnt  diredions:  in  A  the  prefllirc  is  di- 
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CMi  ef  tke  tcbcs.    It  is  to  be  reinarkcd^  co 

•:  tbia   experiment,   that    whatever  be  I 

5.  „  at  « "Kch  the  rjbcs   are  bent,  and  howc 

fbrt  arc  isciiac^  10  the  horixon,  if  before  imm 
Bk>ci  tbe  rrieicunr  in  all  the  tubes  be  on  a  level; 
vui  CQOkirusc  lb  after  immerfion,  provided  all 
r^cs  ire  iicir.;rrfi>i  to  the  fame  depth. 

Cc«ev:jueRtly,  v^hcn  it  has  been  proved  I 
i>e  fvc£ines  of  a  fiuid  arc  as  :hc  furfacc  pref 
a-:c  i^<  r  i<r:S5  froir.  the  furface  of  the  incuml 
t*vi,  ::  %./.  V/l':o-.v,  that  the  prctTure  of  a  flui 
©c*  oci>  '.  :K-ric:i:td  in  a'.i  directions,  but  that 
<;cAnt:c,v>  o:  ir.c  priiHire  zz  the  fame  depths, 
v:i  1  ^ .^v:>\  iVv.a:-:,  ire  eoual  in  all  dircaions. 
^^r.  A   vUT.cr     Niovof  ihc  fuhjecl:,   you 
lonvo.vr  ::  a>  i  k.rvi  c:  mechanical  paradox, 
the  piciVutx^  of  .1  v.wiid  upward,  or  in  a  diredion 
:rir>  u^  ih.it  01  crivity,  ihould  be  nothing  1 
tiun  a  voafov^ucnce  of  gravity  itfcH ;  but  it  is 
rafj  10  thcw,  from  n-.cchanical  principles,  x\ 
tvvvo   ac\in^  in  a  giNcn  direction  may  comn 
iitc   prv^fcrc  through  a  number  of  intcrme 
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Now  the  fame  prcffurc  which  would  iuppdvtk'i 
the  water  in  fuch  a  tube  adis  Upon.  F£;,butth4f 
re-a(5lion  of  F  E  downwards  is  toual  to  the  adioiiJ 
upwards  againft  it:  that  h,  £ F  keeps  the  waters 
down  with  a  force  equal  to  that  with  which  it  eii- 
deavours  to  rife>  equal  to  the  diffei^nce  of  wei^  . 
between  F  £  I  and  M  N  O  R:  and  as  F I  fuffauns 
both  the  weight  of  the  water  FEI,  and  theadibtf 
or  force  with  which  the  water  is  kept  from  rifi% 
but  O  R  fuftains  only  the  weight  of  water  M  NO^ 
the  prefTure  Upon  F I  will  be  equal  to  the  prefliire 
upon  O  R,  and  the  fame  may  be  proved  of  any  other 
column*    Therefore  the  bottom  of  the  cone  is  as 
mifch  prefled  by  the  weight  of  water  which  fills  the 
cone,  and  this  re-aftion  together,  as  the  fan.;:  hot* 
Jtom  would  be  prefled  by  the  weight  of  as  muchwater 
as  would  fill  up  the  whole  cylindrical  fpace  CBFT; 
that  is,  /be  prc[fure  upon  'the  bottom  of  a  conical  vef- 
J'cly  is  equal  to  the  preffure  upon  the  bottom  of  a  cylin^ 
dried  one  of  the  fame  base  and  height. 

The  fame  mode  of  reafoning  may  be  applied 
to  the  vclfel  D  B  L  P,  fig,  8,  pL  i,  which  confifts  of 
two  cylii^rical  parts  N  M 1,  P,  a  great  cylinder  at 
the  bottom,  and  DBI  V  a  lefler  one  at  the  bot- 
tom. For  the  prclfure  upon  LP,  when  the  vcffcl 
is  full  of  water,  will  be  as  great  as  if  the  vcflel  was 
as  wide  at  top  as  it  is  at  bottom;  that  is,  as  great 
as  it  would  be  upon  the  fame  bottom  LP,  fup- 
pofing  the  vcflel  \\as  an  uniform  cylinder,  whole 
biilc  u  a^  L  P,  and  height  L  F. 

LA,  and  OR,  two  equal  drops  at  the  fame 
depth,  are  prelFed  equally;  and  OR  having  a» 
much  water  10  fuflain,  is  as  much  prefled  as  if  the 
vciFcl  was  an  uniform  cylinder.  Therefore  LA, 
or  C  P,  or  any  other  equal  part  at  the  bottom^ 
and  confcquently  the  whole  bottom,  is  as  much 
preifed  in  one  cafe  as  it  would  be  in  the  other. 
Indeed  L  A  or  C  P  have  lefs  water  to  fuflain  than 

OR; 
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OR;  but  the  column  NTLA  preflcs  upwards 
jigainll  NT  with  a  force  equal  to  the  difference 
between  this  column  and  DB  O  R,  or  to  the  weight 
bf  as  much  water  as  would  fill  the  fpace  F  EN  T; 
for  if  a  hole  was  made  at  N  T,  and  a  tube,  FEN  T5 
foldcred  into  it,  the  preffure  againft  the  bottom  of 
the  tube  would  fupport  water  in  it  to  the  height 
NT,  the  fatnc  height  it  Hands  at  in  the  tube 
DBIV.  Now  as  the  re-adion  of  N  T  down- 
wards is  equal  to  the  adion  upwards  againft  it,  that 
isithe  force  with  which  N  T  keeps  the  water  below 
it,  down  againft  LA,  is  equal  to  the  force  with 
krhich  this  water  preffes  againft  N  T. 

L  A  is  therefore  prefled  down  not  only  with 
the  Weight  of  the  water  NTLA,  but  like  wife  by 
the  re-adtion  of  N  T,  which  is  equal  to  the  weight 
jf  as  much  water  as  would  fill  F  ENT,  and  make 
NTLA  equal  D  B  R  O;  from  which  it  follows, 
:hac  the  weight  and  re-aAion  together  on  L  A,  arc 
rqual  to  the  weight  on  D  B  R  O,  by  which  O  R  is 
prefled;  and  the  fame  may  be  proved  of  every  other 
rqual  portion  of  the  whole  bottom  and  cover,  and 
hcrcfore,  by  the  weight  and  re-adion,  LP  is  as 
nuch  prefled  as  if  it  was  the  bottom  of  a  cylindrical 
reffcl  FHLP,  having  the  fame  dimenfions  at  the 
op  as  it  the  bottom,  and  filled  with  water  to  the 
icight  L  Fk 

Though  the  preflure  upon  F  T,  fig.  6,  pi.  r, 
s  equal  to  the  preffure  upon  C  D,  when  both  vef- 
ds  are  filled  with  water  to  the  fame  perpendicular 
feight;  yet  if  they  were  filled  li'ith  ice,  or  any  other 
olid/ubftance,  inftead  of  water,  C  D  would  be  more' 
>reired  than  F  T. 

.  For  C  D,  whether  the  veffel  be  filled  with  ice 
w  water,  fuftains  the  whole  weight  of  the  body 
t^hich  rcfts  upon  it,  and  no  more;  but  FT,  which^ 

Vol.  m.  C  c  bcfides 
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bcfidcs  the  weight  M  N  F  T,  fuftaim  the  rt^^ii 
of  the  fides  M  N  F  T,  when  ihc  vcflel  it  filh 
with  water,  has  only  the  weight  to  fuftain  when 
is  filled  with  icc;  for  ice,  or  any  other  folid  bod) 
docs  not  prefs  upwards*  This  is  a  property,  whjclr, 
as  it  only  arifcs  from  the  nature  of  a  fluid,  bclaogi 
to  Huids  only;  F  T  will  therefore  be  only  prefled 
by  the  weight  of  the  ice>  and  confcquently  will  be 
Icfs  prcllcd  than  C  D,  in  proportion  as  the  cone  is 
lcf>  than  the  cylinder,  when  their  bafes  amlhtigbd 
re  equah 

For  the  fame  rcafon  LP,  fig,  8,  pL  i,  if  it  wrr? 
full  of  ice,  would  be  ai  much  Icfs  preircd  than  v 
it  is  full  of  water,  as  the  quantity  of  matter  con- 
tarncd  in  the  compound  vcllel  NM  LP  is  l-'^^  ^^-^.^ 
the  quantity  of  matter  contained  in  a  c;, 
vcflel,  whofc  bafc  is  L  P»  and  height  L  F. 

The  /(rond  cafe  of  the  propofition  u  tvhen  tJip 
vcflel  A  B  O  R,  fig.  9,  pL  t,  is  wider  ae  top 
bottom.     For  here  alfo  the  prefllire  of  any  Hi 
upon  the  bottom,  O  R,  of  it,  is  the  fame  as  in 
cylindrical  velfel,  ST  OR,  of  an  equal  bafc, 
hlled    with   the  fame  fort  of  fluid  to   the 
height. 

For  the  bottom  O  R,  in  either  cafe,  fuftai 
jufl:  the  fame  quantity  of  fluid,  and  conf 
the  fame  cjuantity  of  matter.     If  it  is  the 
of  a  cylinder,  then  it  fuflains  no  more  than  the 
lumn  STOK,  becaufe  the  vcflel  holds  no  m( 
If  it  be  the  bottom  of  an  inverted  cone,  as  ABO! 
then  it  fuflains  only  the  fame  column  ;  for  thDUj 
the  vcflel  holds  more  than  this,  yet  all  the  reft 
the  fluid  is  fupportcd  by  the  fides  A  O,  BR, 
therefore  docs  not  prcfs  on  rhc  bottom. 

Thus  \au   fee,  that  whether  a  vr^  * 
rower  or  wider  at  the  top  than  at  the 
pirflijrc  uJ)oii  the  bottom  is  the  fame  as  in  a 
hndrical  vtllcl  of  the  fame  bafc  and  height; 
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ten  it  Lv  narrower  at  the  top  than  at  the  bottom, 

lugh  it  holds  Ids  water  than  the  cylindrical  one 

^uld,  yet  the  prcJIiirc  is  not  lefs»  bccaufe  the  rc- 

ion  of  the  lidt  M  lupplics  thi;  cJefedl ;  and  when  it 

ridLT  at  the  top  than  at  the  bottom,  though  it 

more  water  than  the  cylindrical  one  would 

yet  the  prcfTure  is  not  greater,  becaufc  the 

fupport  the  cxcefs. 

Let  us  now  confirm  by  experiment,  what  I 
J  to  render  plain  without  it.    The 
If  t:il)U%  iig^  lo,  pL  i»  isdcligncd  for 

js^purpofe.  It  isionietimcs  called  the  apparatus 
"^  fibiil,  fomctimes  the  apparatus  for  illuftrating 
jjnjh:ic pdrjJox,  It  corilirts  ot  three  velicU^ 
11^  fig.  1%^  and  A  B  C  D,  Jig.  lo,  each  of  which 
of  the  fame  fize  at  bottom,  and  of  the  fame 
^ighr,  and  nay  be  fcrewcd  alternately  on  thcbrafs 
rcl  E  F,^^*  lo,  in  which  a  pifton  flidcs  up  and 
»wn  with  cafe.  One  of  the  \c{\iih,Jjg,  12,  is  cy- 
idrica! ;  the  ULher,  A  BCD,  Jig,  10,  is  an  in- 
Sorted  cone,  wider  at  top  than  bottom;  the  thirds 
fig,  1 1,  is  a  tube  fcrewcd  toa  plate^which  makes  the 
^ottum  the  fame  lize  as  that  of  the  other  two;  it 
a  funntl  at  top,  to  prevent  the  water,  in 
iking  the  experiment^  from  fplaflungoven 

I  Ihall  firlt  fcrew  the  cylindrical  velFcl  to  the 
^rrel,  piiihing  down  the  piUon  as  low  as  it  viiil 
then  hook  the  wire  of  the  piflon  to  the  ring^ 
roin  the  Ihort  ends  of  the  flcclyards  GH,  IK. 
)w  pour  water  in  the  cylinder  up  to  the  mark  in 
\c  inlide  thereof,  and  find  what  weights,  fufpended 
from  the  longer  arms  ot  the  fteeiyard,  will  raifc  the 
pillon;  then  take  the  cylindrical  vcflel  from  the 
irrcK 

Subfutute  the  vcffcl  A  B  C  D,  fig.  10,  which  is 

tc  an  inverted  cone,  in  place  of  the  former;  fill 

with  water  to  the  mark,  as  before,  and  hook  on 

_thc    uirc   of  the  pillon  to  the  Ikelyard^;    and 

C  c  2  though 
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though  the  quantity  of  water  is  now  many  tima 
greater  than  what  was  in  the  cylinder^  yet  the  {3Lm 
couaterpoifc  will  raifc  the  pifton. 

Takeoff  the  conical  vcffcU  and  fcrcw  on  the 
tabular  one;  and  though  this  holds  a  much  finallcr 
quantity  than  either  ot  ^^'^  former^  ftill  it  requirct 
the  fame  counterpoife^ 

The  fridion  of  the  p  Ron  being  the  fame  in 
every  cafe,  makes  no  alteration  in  the  experiment. 

To  fhew  that  the  laieral  prejfure  is  equal  co 
the  perpendicular  prefTurc  upon  a  larger  fcale,  and 
in  a  manner  which  relates  more  to  the  preceding 
experiment,  here  is  an  apparatus,  jj|;'.  5,  pL  J,  with 
dilfefent  tubes,  that  communicate  with  each  other. 
The  middle  one  is  a  large  glafs  tube  or  cylindetj 
A  Bj  the  lower  end  is  firmly  cemented  into  aftrotsg 
brafs  hoop ;  to  the  fides  of  this  hoop  are  foldered 
the  bmfs  tubes  G,  H,  into  each  of  which  a  gla£ 
tube  is  cemintcd.  One  of  theft,  E  F,  is  parallel 
to  the  large  glafs  veflel  A  B;  but  the  other,  C  D,  is 
inclined  thereto.  The  inclined  tube  is  fometimcs 
furnilhed  with  a  joints  that  the  inclination  cnaf 
be  varied  at  pleafurc. 

Pour  water  into  the  tube  EF;  this  will  run 
through  G,  into  ihc  larger  velfei  AB,  and  rife 
therein  ;  and  if  you  continu l-  pouring  water  until  it 
coniLi  to  any  height  ihertriOj  as  I  K^  and  then  leave 
off,  you  ^vill  find  that  the  furface  of  the  water  in 
the  fma!l  tui  cs  KF,  CD,  isac  the  fame  height;  the 
perpendicular  attitude  is  the  fame  in  all  the  three 
tubes,  however  fmall  the  one  may  be  in  proportioa 
to  the  other.  This  experiment  clearly  provcSg 
that  the  fnudl  colunni  ot  water  hallanccs  and  fup- 
ports  the  large  colunia  ;  which  it  could  not  da  if 
the  lateral  prellures  at  bottom  uere  not  equal  10 
each  other*  Whatever  be  the  inclination  ot  the 
tube  C  L),  Hill  the  perpendicular  altitude  will  ix 
the  fame  as  that  of  the  other  tubes^  though  to  thai 

car 
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end  thfe  column  of  water  muft  be  much  longer  than 
thofc  in  the  upright  tubes. 

Hence  it  is  evident,  that  a  fniall  quantity  of  a 
fluid  may,  under  certain  circumllances,  counter- 
ballance  any  quantity  of  the  fame  fluid. 

Hence  alfo  it  is  evident,  that  in  tubes  that  have 
a  communication^  whether  they  be  equal  or  unequal^ 
Jbori  or  oblique,  the  fluid  ahjoays  rifcs  to  the  fame 
height.  Confequently  water  cannot  be  conveyed 
by  means  of  a  pipe  that  is  laid  into  a  rcfervoir,  to 
any  place  that  is  higher  than  the  rcfervoir. 

It  has  been  aflcrted,  that  the  ancients  were  ig- 
norant of  this  principle^  and  knew  not  the  ufe  of 
pipes  for  conveying  water  up  hills:  but  this  af- 
fcrtion  is  not  true;  they  did  know  thcufc  of  pipes, 
but  chofe  to  employ  aquedudbs  in  their  ftead,  for 
reafons  we  cannot  now  with  certainty  afcertain. 

Our  next  experiment  proves,  with  great  clear- 
neis,  the  hydroftatical  paradox,  that  very  great - 
weights  may  be  ballanced  by  a  very  fmall  weight  of 
water,  without  it's  adling  to  any  mechanical  ad- 
vantage; but,  more  particularly,  it  alfo  proves, 
that  it's  preflure  upwards  is  equal  to  it's  preflure 
downwards,  and  all  this  even  to  thofc  who  have  no 
previous  knowledge  of  hydroftatical  principles. 
The  apparatus,  jig.  i,  pL  2,  confifts  of  two  large 
thick  boards,  CD,  E  F,  connected  together  by 
leather,  like  a  pair  of  bellows;  hence  it  is  ufually 
called  the  hydrojlatic  bellows.  A  long  brafs  pipe  is 
fixed  to  the  bottom  board;  fo  that  water  being 
poured  in  at  the  top,  will  pafs  between  the  two 
boards.  In  the  apparatus  before  you  the  boards 
are  oval ;  the  longeft  diameter  is  eighteen  inches, 
the  ftiorter  one  (ixteen  inches.  I  have  poured 
water  enough  into  the  bellows  to  keep  the  boards 
afunder,  and  have  put  fix  half  hundred  weights  oit 
the  top  of  the  boards.     I  ftiall  now  pour  water 

C  c  3  into 
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into  the  tiibe^  to  the  height  of  three  feet,  and 
Mill  pufh  up  all  the  wcighcs.  Thus  the  water 
the  pipe^  which  weighs  but  a  quarter  of  a  poun4 
fuftaim  three  hundred  pounds  weight.  Take  ofl 
the  \*  eights,  and  try,  by  prelling  upon  the  iippei 
board,  to  forte  the  water  out  at  the  upper  tubq 
your  rtrcngth,  you  rcarcc  fuftkient  for  rh 

purpofc.  Thus  you  tec  <       rly  how  great  a  prcffuf 
upwards  is  exerted  by  t"«*  water.* 

Upnn  this   princi        mathematicians   aflcr 
tbjt  the  fame  quaniiiy  ^        *er^  boxveverfmall^  ma^ 

vducf  a  force  equal  '«     ny  aftgnaMe  onr^  ty  h 
rreajrr^g  the  hei^^^*  ^^  i"  npan  which  ii  pnj^d 

Dn  Goldfmith  i'ing  fecn  a  ftrong  hogf 

head  fplit  by  this  means.  A  ftrong,  though  fmati 
tube  of  tin>  twenty  feet  high,  was  inferted  in  the 
bimg-holc;  water  was  poured  in  this  to  fill  the 
hogfhead^  and  contirjued  till  it  rofc  within  about  a 

^  ■  foot 

Fig,  iB^pL  If  reprcfcnt*  another  inflrutnent  for  proviai  J 
Ihat  the  prcfluic  of  fluids  is  in  prpporuon  lo  their  pcrpcndjculif  1 
htights,  without  any  tcgard  lo  ihctr  quanlity. 

A  B  C  D  is  a  box^  it  one  end  af  which,  as  at  a^  i%  a  irtxm 
from  lop  lo  bottom,  far  receiving  the  upright  glafs  lube  I,  \ifh^ 
is  beot  to  a  right  angle  at  the  lower  end  (asat^^,  17);  ^ad  toilLit 
end  is  tied  the  end  of  a  large  bladder  {K.  Jg,  17  l  which  lies  in  1 
ihc  bottom  of  ihc  boj£-  Over  this  hJaddcr  is  laid  the  mo\'«able  ' 
board  M,  jf^*  i8|  in  which  is  fixed  an  upright  wire.  Lejdicii 
weights  (N  N,  /g.  i6)j  ip  ihc  amount  of  lixlccn  pqunds,  witk 
hoks  in  the  middle,  are  put  uppn  the  wire,  over  the  boards  aoi^ 
prcfs  upon  it  with  all  their  force. 

The  bar />  is  tlicn  put  on,  to  fccure  the  tube  from  falling, 
and  keep  it  upright;  and  then  the  piece  E  F  G  is  to  be  put  00, 
to  keep  the  weights  in  an  horizontal  pofition,  there  bcio^a^ 
round  hole  at  f.  Within  the  box  are  four  upright  pins,  to  pre- 
sent the  board  at  firft  from  preflingon  tlie  bladder. 

Pour  water  into  the  tube  at  top ;  this  will  run  into  the  blad- 
der :  and  after  the  bladder  has  been  filled  up  to  the  board,  con- 
tinue pouring  water  into  the  tube,  and  the  upward  preflureof 
the  fluid  A>'ill  raife  the  board  with  all  the  weight  upon  it,  even 
though  fhe  bore  of  the  tube  (hould  be  fo  final!  that  Icfs  than  an 
ounce  of  water  would  Hllit, 
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:  of  the  top  of  the  tube  t  the  hogfhcad  then 
and  the  water    was  fcattered  about    with 
lible  force. 

As  the  bottom  of  a  veflel  bears  a  prcflure  pro- 
cional  to  the  height  of  the  liquor,  fo  likewifc 
TiartK  nf  the  fides  which  are  contiguous  to 
lii,  btcaufe  the  prelllire  of  fluids  is  equal 
pry  way  j  and  as  the  prcllurc  which  the  lower 
of  a  fluid  fuflain  from  the  weight  of  thofc 
^vc  ihcm  exerts  itfclf  equally  every  way,  and  is 
twile  proportional  to  the  height  of  the  incum- 
fluid,  the  fides  of  a  veflel  mull:  every  where  i\\(^ 
taprcfiurc  proportional  to  their  diflance  from  the 
ppcr  Jurface  of  the  liquor.  Whence  it  tbllows,  that 
U  vtflcl  full  of  liquor,  the  fides  bear  thcgrcattfl: 
in  thofc  parts  next  the  bottom ;  and  that  the 
cfs  upon  the  fides  decrcafes  with  the  incrcafc  of 
;diflance  from  the  bottom,  and  in  the  fame  pro- 
tion  ;  fo  that  in  veflels  of  confiderable  height, 
lower  parts  ought  to  be  much  ftronger  than 
upper,  to   be  able  to   withftand  the  greater 
^rcfiure. 

THE  Action  of  Fluids  on  Bodils  immi:r$eo 

IS  THEM, 

Archimedes^  \n  his  two  books  De  inftdentibiu 
jidOt  is  the  firft  we  know  of  who  made  irujuiries 
icerning  the  finking  and  floating  of  bodies  in 
di;  their  relative  gravities,  their  levities,  their 
ations,  and  pofitions.  He  was  alfo  probably 
firlt  that  ever  attempted  to  determine  in  what 
portion  bodies  diftVr  from  one  another  as  to 
,r  fpecific  gravities,  and  this  he  ertedlcd  in  order 
:  the  cheat  of  the  workmen,  who  hadde- 
,t  ^^  Hiero*s  crown  ;  and  though  the  means 

employed  was  certainly  much  interior  to  what 
id  now  be  ufcd,  yet  was  he  fo  pleafed  with  his 
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difcovcn'p  that  noc  being  able  to  contaift  hkJDj^ 
like  a  madman  leaping  frofn  the  bath  naked  as  k 
Mas,  he  is  faid  to  have  run  about  the  ftrects  of  Sf- 
racufc,  cryring  out  his  Eupsipys  wherever  he  came* 
Before  I  proceed  to  explain  this  inte relying  kh* 
"  jecl,  1  niuft  define  fomc  terms  which  I  have  only 
loofcty  escplained  to  you. 

Tbe  denfiiy  of  a  b^dy  is  ibe  qnamiiiy  sf  mdUn 
imhkb  it  c&ntmns  under  a  gi^>en  hulk. 

The  de^ity  of  a  h&Ay  is  therefore  mcafcrtd 
by  the  proportion  which  it's  quantity  ofimcitf 
bears  to  it's  bulk;  for  the  more  nomerous  thcpii- 
tides  of  matter  are  in  the  fame  portion  of  fpace, 
the  greater  is  the  denfity  of  the  body,  and  the  fewer 
the  particles  the  lefc  the  denfity* 

7bi/pe€ifi^ graviiy  i>fa  body  is  the  wtigbi  efii 
when  the  in  Ik  is  give/; ;  or,  the  fpecific  gravicyof 
a  body  is  it's  weight  compared  with  another  body 
of  the  fame  magnitude. 

It  is  called  thc/pcciSc  pa'viiyf  becaufc  it  is  the 
comparative  weight  of  different  fpecies  or  forts  of 
bodies-  Thusj  if  the  fpecific  gravity  of  gold  ii 
faid  to  be  to  that  of  water  as  19  to  i,  the  meaning 
is^  that,  bulk  for  bulk,  or  under  equal  dimenilonsj 
the  weight  of  gold  is  to  that  of  water  as  19  to  Ij 
or  that  a  cubic  inch  of  gold  will  weigh  19  times  aj 
much  as  a  cubic  inch  of  water. 

The  fpecific  gravity  of  bodies  is  as  their  denfitj^ 
for  the  fpecific  gravity  is  the  weight  of  a  given 
bulk,  and  the  weight  of  bodies  is  as  their  quanti- 
ties of  matter ;  therefore  the  fpecific  gravity  of  a 
body  is  as  the  quantity  of  matter  contained  in  a 
given  bulk,  that  is,  as  it's  denfity. 

The  fpecific  gravity  of  bodies  is  inverfely  at 
their  bulk  when  their  weights  are  equal.  The 
fpecific  gravity  of  bodies  is,  you  have  already  fccn, 
as  their  denfity,  and  the  denfity  of  bodies  is  in- 
verfely as  their  bulk  when  the  weights  arc  equal. 

Thus, 
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if  ihc  fpecific  gravity  of  gold  be  to  that  of 
Icr  z&  ig  to  It,  and  a  cylinder  of  gold  1 1  inches 
fh  weigh  a  pounds  a  cylinder  of  filvcr  having 
equal  bafe  and  weighing  a  pound  nnill  be  19 
^chcs  high  ;  for  fincc  the  fpecific  gravities  are  19 
to  II,  the  bulks,  that  iij,  ihe  heights  mufl  be  as 
thofe  gravities  inverted,  or  as  11  to  19,  If  the 
fpecific  gravity  of  mercury  be  to  that  of  uatcr  as 
14  to  J 2  and  a  cylinder  of  mercury  of  a  certain 
weight  is  30  inches  high,  then  a  cylinder  of  water 
of  equal  bafe  muft  be  420  times  as  high,  fo  that 
j^e  height  of  the  cylinder  of  water  will  be  J4 
^fnes  3a  or  420  inches,  or  35  feet. 

The  magnitude  of  a  body  is  cxprefTed  by  a 
■umber  denoting  it's  relation  to  fome  criterion 
Hpcrally  ufed,  and  liniiUr  to  itfelf,  as  a  cubical 
Inch,  foot,  &c. 

The  abjolute  vctight  of  a  body  is  relative,  be- 
ing  cxprefied  by  a  number  denoting  it*s  relation  to 
fonie  arbitrary  or  conventional  ftandard,as  r  pound, 

«, ounce,  of  which  it  is  a  multiple  or  aliquot  part ; 
pd  in  the  fame  fort  of  matter,  fuppofed  to  be 
omogeneous,  it  depends  upon  and  varies  as  the 
cnitade. 
The  fpecific  weight  or  gravity  of  the  fame 
eries  of  matter,  whether  it's  magnitude  be  great 
fmall,  as  of  A,  2  A,  or  3  A,  is  the  fame^  being 
[cording  to  the  definition  of  the  weight  of  a  given 
ilk*     The  object  therefore  of  fpecific  gravities  is 
diftinguilh  different  fpeciesof  matter  from  each 
ther,  in  one  of  their  molt  obvious  qualities^  weight 
"  matter  contained  in  a  given  fpace* 

The  zvelgljt  of  any  portion  of  matter  is  cafily 
afcertaincd,  but  it  is  not  always  eafy  to  meafurc 
the  fpace  occupied  by  a  body  or  it's  magnilude^  and 
in  fome  inftances  it  cannot  be  effeded  without  ar- 
tificial methods. 

't  is  found  expedient  to  employ  as  a  criterion 

fome 
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'ba  tkefe  A^  ^x  c«7igpotts  ca  the  trpp^ 
s  tfee  bodf  bkS  ihrrrfeic  he  more  ^lolfruljr 


ilcnccd  hf  the  faanr  ifaei  dqpndbd  by  the  cubcr, 


lad  vcotdlkaciiBRilaadby  ^e  exccfs  of  feftCi 
were  it  drraid  of  giaylty^ 

For  when  a  fobd  boi^  m  kmacrfcd  in  a  Ruid, 
U  prefici  do  vi^  asd  csdeMsas  to  defcoid  by  tk 
fmcc  of  iff  gravity,  bee  it  mmar  dcfccnd  without 
IDOviJig  Sb  much  of  ibc  V  d  out  of  iVs.  place  a 
ii  ^ol  to  if  in  bulk;  is  tbcrcfore  refiflcd, 
pftScd  iipw£fds  br  2  force  sqtxal  /•  ibe  weight  *J 
tf /  ssM^b  b/  the  fmiJ  ms  ii  i  tt  im  mmgmimde  i§  lit 
Mk  ^f  the  i^i  bci^  th«-  ^  ffcrencc  in  weight  of 
two  columm  of  the  fluids  whcncof  one  reaches  to 
{he  upper,  the  ether  co  the  under  furface  of  the 
body. 

I  will  endeavour  to  illufbate  this  by  a  dia* 
gniin :  when  any  hard  body,  as  a  piece  of  lead,  is 
immerfcd  in  water,  the  lower  pirt  of  ii,  (mn) 
^g.  rj,  pL  I,  muft  be  continually  prefled  upwards 
juft  ai  miiGh  as  the  water  itftlf  in  tfie  fame  place 
t%  the  lead  is   prcffed  upwards.     Now   the  force 
with  which  the  water  (mn)  is  prcffed  upwards^is 
exactly  equal  to  the  force  with  which  it  would  be 
prefled  downwards  if  the  lead  was  out  of  the  way; 
for  every  part  of  a  fluid  is  prefled  as  much  upwards 
as  it  is  downwards.     The  force  with  which  (mn) 
would  be  prefled  downwards  if  the  lead  was  out  of 
the  way,  would  be  equal  to  the  weight  of  the  in- 
cumbent column,  or  of  as  much  water  as  would 
fill  the  whole  fpace  EHmn;  therefore  the  force 
with  which   m  n  is  prefled  upwards,  and  confc- 
quenily  the  force  with  which  the  piece  of  lead  is 
prefled  upwards,  is  equal  to  the  weight  of  as  much 
water  as  would  fill  the  whole  fpace  EHmn,  or 
the  whole  fpace  HPnCj^  if  this  fpace  be  taken 
equal  to  E  H  m  n. 
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Lcc  us  next  conlider  the  force  with  which 

lis  piece  of  lead  is  preflcd  downwards  ;  this  force 

juft  equal  to  the  weight  of  as  much  water  as  is 

jove  it,  that  is,  it  is  equal  to  the  weight  of  the 

column  E  Hr  s. 

The  difference  therefore  of  the  two  prcflures 

fill  be  the  difference  in  weight  between  the  two 

bolumnii  E  H  n\  n,  E  H  t  $  ;  for  the  weight  of  the 

is  cqiial  ro  the  prellure  upwards,  and  the 

.i  of  the  latter  is  equal  to  the  prelfure  down* 

lards  ;  confequently  the  prefllire  upwards  will  be 

much  greater  than  the  prcflTure  downwards,  as 

kRc  weight  of  the  water  EHmn  is  greater  than 

"le  weight  of  water  E  H  rs, 

But  the  difference  between  thcfc  two  weights 
^ik  juft  as  much  as  would  fill  the  fpacc  r  s  m  n,  which 
the  body  filhi  for  juft  to  much  water  added  to 
Hrs,  would  ir.iikc  It  equal  EHmn:  confe- 
^^ucntly  (be  body  is  pr^JJed  more  upwards  than  li  is 
^tm^Wfiwards  by  aforcf  equal  io  ibc  weight  of  as  much 
^m^'aier  at  would  Jilt  the  /pace  l^ken  up  hy  the  body. 
IPDn  other  words,  the  body  is  adcd  upon  by  two 
forces  in  contrary  directions,  but  the  force  with 
khich  the  fluid  adii  upon  it  to  make  it  afccnd  ex- 
ceeds the  fore  by  which  it  prelTcs  downwards; 
id  this  exLcfii  is  equal  to  the  weight  of  as  much 
the  fluid,  vihatever  it  is,  as  would  iiil  the  fpace 
iten  up  by  the  body^ 

Tbp  cafe  w  ill   be  the  fame  whatever  be  the 
igurc  of  the  l^ody  immcrfcd  ;  for  fuppofc  it  to  be 
cone  T  S  L  \\jii^.  J  5,  pL  i,  then  as  every  equal 
irt  of  a  fluid  at  the  fame  depth  is  prcffed  equally 
^n  all  dirciltions,  i  f  V 1  be  equal  to  L  V,  it  follow  s, 
that  thefe  two  parts  of  a  thin  iheet  of  fluid  FK 

trill  be  prcfTed  upwards  by  equal  forces  ;  but  V  I 
s  prcfrcdasmuch  upwards  as  downwards,  therefore 
L#V  is  preflcd  as  much  upwards  as  VI  downwards. 
•  Now  the  force  that  prclfes  V  I  downwards  is 
he  weight  of  the  fluid  HP  V  I  that  is  above  it^ 
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part  is  equal  in  bulk  to  as  much  of  the  fluid  M 
troiild  weigh  what  the  body  weighs. 

JLetpteii  ^.  J4i  p/,  2,  be  a  piece  of  cork, 
then  sne  i  the  part  below  the  furface  A  B  of  the 
Water^  will  be  equal  in  bulk  to  as  much  water  3j 
would  weigh  what  p  t  e  i  the  whole  cork  weighs. 

The  force  with  which  the  water  at  ei  it 
preflled  upwards^  is  exactly  equal  to  the  force  with 
which  it  would  be  pre  (Ted  downwards  if  the  cork 
ptci  was  out  of  the  way,  becaufe  every  part  of  a 
fiuid  is  prcfied  equally  in  all  diiei^ions. 

But  the  force  with  which  c  i  would  be  preffcd 
downwards  if  the  cork  was  away,  is  equivalenc  to 
thewei^t  of  as  much  water  as  would  fill  thefpacc 
taken  upby  the  pan  of  the  cork  below  the  water  1    | 
and  confequently  the  force  with   which  ci  the  J 
bottom  of  the  cork  is  prelFcd  upwards,  is  equiva-  f 
lent  to  the  weight  of  as  much  water  as  would  (Uf 
up  the  fpace  sneij  or  the  part  of  the  cork  below 
the  furface.  I 

If  therefore  the  part  which  is  below  the  fur- 
face has  the  fame  bulk  as  a  quantity  of  water  that 
would  weigh  what  the  whole  cork  weighs,  then 
the  preffurc  upwards  will  be  equal  to  the  weight 
of  the  cork,  and  keep  it  from  linking. 

A  body  that  has  the  fame  fpecific  gravity  with 
the  fluid  into  zvhnb  it  is  immerfed^  wtll  reft  in  arf 
part  of  the  fluid  wherever  it  happens  to  be  placed^ 
For  the  body,  you  know,  endeavours  to  defcend  by 
it's  own  weight,  and  is  prevented  from  defcending 
by  a  force  equal  to  the  weight  of  an  equal  bulk  of 
fluid  ;  but  when  the  body  and  the  fluid  are  of  the 
fame  fpecific  gravity,  equal  mafles  of  each  arc  of 
the  fame  weight,  and  confequently  the  force  with 
which  the  body  endeavours  to  defcend,  and  the 
force  which  oppofes  the  defcent,  are  equal  to  each 
other ;  and  as  they  adl  in  contrary  diredlions,  the 

body 
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u  ill  reft  between  thcnij  fo  as  neither  to  fink 
t*»  own  wcighCj  nor  to  afccnd  by  the  prcffurc 
\c  fluid  upwards, 

^It  is  manifcll  from  thcfe  pdfitions,  that  if  by 
contrivance  the  fpeciftc  gravity  of  a  folid  can 
raried  foas  to  be  one  while  greater,  another  lefs^ 
then  equal  to  the  fpecific  gravity  of  the  fluid 
erein  it  is  imn^erfed,  the  body  will  fink^  or  rife, 
-^r-'n  fufpendcd,  according  to  the  variations  of 
iC  gravity.  And  this  is  the  cafe  in  the 
:nmcnt  with  thefe  little  glafs  images  which  I 
now  going  to  exhibit  to  you,  which  are  made 
ifcend  or  defcend,  or  remain  iufpended  at  plea- 
;  the  rcafon  of  which  I  fhall  explain  to  you 
tfcer  you  have  feen  the  experiment. 
,,^  The  images  being  fct  to  float  on  th<i  water,  the 
|Mof  the  veflTel  muft  be  covered  with  a  bladder 
^Hrly  bound  about  the  neck  of  the  velfel,  to  the 
^pthat  the  air  vvhich  lies  on  the  furfacc  of  the 
rater  may  not  force  it's  way  out  when  it  is  con« 
fed  by  the  hand.  The  image?i  themfclvcs  are 
Hy  of  the  fame  fpccilic  gravity  with  the  water* 
[rather  a  little  lighter*  and  confequently  float 
the  furface  ;  the  im  iges  being  hollow  are  full 
lit,  which,  by  means  of  fmill  holc^  in  their  hcels^ 
Imunicatcs  with  the  air  without.  When  the 
ft'hich  lies  beneath  thebladder  h  preffcd  by  the 
1,  it  prelfes  on  the  furface  of  the  water;  and  as  the 
liirc  is  propagated  through  all  the  water,  thofe 
[ions  which  are  contiguous  to  the  heels  of  the 
are  thereby  forced  into  the  hole*,  by  which 
Mz  within  is  condenfed,  and  at  the  fam^ 
eight  of  tlie  images  is  jncrcafcd  by  the 
rht  of  the  influent  w  atcr ;  and  when  fo  much 
fr  is  forced  in  as  to  render  the  fpecific  gravity 
'i<  images  grearcr  than  that  of  the  water,  the 
£!s  defcend  and  fall  to  the  bottom^  where  they 
Vol*  IIL  Dd  rcmaia 
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ftnitin  ii  long  as  rhe  prttfure  above  continues ;  bqf 
mhen  that  is  taken  off  by  the  removal  of  the  haii4 
the  condenfed  air  in  the  images  dilates  and  ci- 
pamk  itfelf,  and  in  (6  doing  drives  out  the  watery 
upon  which  account  the  images  beconnc  fpccifi- 
cally  lighter  than  water,  and  of  courfe  afcend.  At 
the  prenure  on  the  bladder  is  greater  or  lefs,  C% 
muft  the  quantity  of  \^ater  be  which  is  forcel 
into  the  images ;  and  therefore  ^  henever  it  hap* 
*pcfis,  that  during  the  afccu  ordefcent  of  an  image, 
liioll  a  prefTure  is  made  as  fuffices  to  force  in  jufl 
11  much  water  as  is  requtlite  to  reduce  the  image 
to  the  fame  fpccific  gravity  with  the  water,  the 
ksigie  ftopS)  and  remains  C  fpended ;  upon  incrcaf- 
ing  the  prelfure  it  defce  s,  and  afcends  if  it  be 
IcQened,  Some  of  the  images  begin  to  defcend 
fboQCror  rife  later  than  others,  either  becaufechcf 
are  fpecifically  heavier^  or  becaufe  the  cavicy  ia 
their  legs  ire  greater  in  fbme  images  in  proportioa 
to  their  oiagnirudes,  than  they  are  in  others, 

Thii  is  but  an  experiment  of  mere  amufemcnti 
many  and  more  important  ufes  are  the  refult  of 
otir  being  able  to  determine  the  fpccific  gravities  d 
bodies:  to  this,  therefore,  \vc  (hall  now  proceed. 

All  i^cJits^  when  immer/eJ  tft  a  flutd^  lofe  tbi 
^^ei^bi  qf  an  equal  hitk  ^f  that  fiuU  /  in  other 
words,  every  body  immerftd  in  a  fluid  lofcs  a  part 
of-  it's  gravity  equal  to  the  weight  of  the  fluid, 
which  would  till  the*  fpace  taken  up  by  the  body. 

A  piece  of  lead,  or  of  any  other  fubfiancc, 
when  it  is  immerfed  in  ftater,  is  not  fo  heavy  3i 
when  it  is  out  of  water  \  tor  the  water  you  know 
preffes  it  more  upwards  than  downwaxdSi  and  the 
cxccfs  of  the  prcifyre  upwards  will  fupport  pare  of 
the  weight.  But  this  excefs  was  fhewn  to  be  equi- 
valent to  the  weight  of  as  much  w  ater  as  has  the 
fame  bulk  with  the  lead,  and  qoarequentty  lioce 

the 
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fhody  immerfed  muft  lofeas  much  of  ifs  weight 
the  rtuid  can  fiipport,   the  lead   vnll   lofc  the 
weight  of  an  equal  bulk  of  water. 

Thus  n  cubic  foot  of  lead  r%m  n.  hanging  by 

firing  Ll,Jiij^.  ^3t  pf-  i»  will  weigh  Icfs  in  the 

r  than  it  does  out  of  it,  becaufc  the  water  by 

prclTorc  upward  againft  the  lead  will  fupporc  a 

ic  foot  of  water,  or  one  thoufand  avoirdupois 

e«^  for  fo  much  a  cubic  foot  of  water  weighs, 

cnnfequently  fo  much  of  it's  weight  the  lead 

lofe. 

Again,  a  body  endeavours  to  dcfcend  by  it's 
le  M  eight ;    w  hen  it  is  irnmcrfcd  in  a  Huid,  it  is 
ortcd  by  a  force  equal  to  the  weight  of  the  fame 
of  that  fluid  ;  and  fjnce  thcfc  two  forces  aft 
ontrary  dirccdons,  the  weight  which  the  body 
crains  in  the  fluid  will  be  the  difference  between 
cin,  or  it  lofes  the  weight  of  an  equal  bulk  of 
fluid. 

The  following^expcriment,  which  is  plain  and 
ifive,  will  render  the  pofition  fclf^evidcnt ;  the 
ratus  for  it  confirts  of  a  beam,  a  fmall  hollow 
ndric  bucket  AB,  and  another  cylinder  CD^ 
h  preciftl)  fits  the  capacity  of  the  bucket  A  B, 
__  2,  pi.  2i  (only  a  portion  of  one  arm  KF  of  the 
icam  is  rcprcfented  in  this  figure)*  I  fufpend  the 
nckft  by  one  end  of  the  beam,  at  the  bottom  of 
he  bucket  is  fixed  a  ftrong  thread  of  lilk  with  a 
oop  on  the  lower  end  ;  to  this  loop  the  clofc  cy-^ 
cr  is  fufpended  ;  I  counterpoife  thefc  by  a 
ght  at  the  other  end  of  the  beam  ;  I  then  let  a 
of  water  under  the  cylinder,  and  gently  low  ef 
beam,  and  you  fee  it  becomes  lighter  and 
hter  upon  the  beam  as  the  cylinder  dcfcends  t 
it  is  quite  immcrfed,  and  you  fee  the  equipoife 
leftroycd  by  the  defcent  of  the  weight  ot  the 
hothcr  arm*  To  (hew  you  how  much  weight  is  luft 
the  cylinder,  1  (Irall  add  the  weight  of  a  ^uan- 
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t&idj  )ou  now  fee  tk 

proceeds;  ne  fee  no 

2S  it  is  fuftained  by  tl 

IT  jbice;  you  tnmy  therefore  nc 

[  ^M  be  :krt  of  water  is  not  pC 

ia  the  water,  not  becaofe  il 

,bm  liecayfe  it  is  fyppom 

i  ds  wtM    rimvitate  when  the^  a 

^0f  the  6bc  im<^,   but  bccaufc  there  ii 

m  M.  Lumumij  dinictiQn  which  is  006 

Sftot  Ac  wdgfafl^  which  a  body  tof<^  when 

k  JF'-^iftd  a  A  Aod»  Is  always  the  weight  of 

piiiiL^H  of  ^ar  fiasd  as  u  eqiat  in  bulk  to  itfelfj 

loiIo>i^>  ibi^  the  m  eight  loft  by  the  body  cannot 

jlU  c^rp<r\i  cither  oaVnc  depth  of  the  fluid  itfclf, 

the  depch  :v>  ^  hkh  it  is  immerfed   therein. 

ArvK^r  io%cj  no  more  of  it's  weight  when  it  is 

the  bcccco  thin  when  it  is  juft  below  the  furfa 

for  in  cither  cafe  it  lofes  the  weight  of  as  mi 

wjtccr  AS  :s  eqisii  in  bulk  to  itfelf.     It  is  not  m 

eaiv  :v>  U%  ia\  ia  deep  than  in  (hallow  water,  p 

\idcvi  the  water  is  not  fo  {hallow  as  to  prevent 

fawi  ftr:king  freely ;  for  whatever  is  the  deptl 

the  water,  a  niati  lofes  the- v*  eight  of  as  much  w; 

a*  is  ov]i:;il  i^^  t^'^^^  ^*^  ^-^  ^^^  body;  for  wl 

rcakon.  li^IIow   Mater  «iU  buoy  him  up  with 

^rcat  force  as  deep  water.     Iiniecd  it  is  eafie 

fwirn  in  the  fca  than  in  a  river,  becaufe  fait  w; 

is  fiKciavuHy   heavier  than  frclh ;  and  as  a  r 

li 
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lofes  the  weight  of  as  much  fait  water  as  is  equal 
in  bulk  to  his  body,  and  in  the  river  lofes  only  the 
weight  of  an  equal  bulk  of  frefli  water,  the  weight 
loft  here  being  greater,  fait  water  will  buoy  him 
up  with  the  greateft  force. 

There  are  very  few,  if  any  animals,  that  are 
fpecifically  heavier  than  common  water.  The 
fubftances  indeed  of  both  animals  and  vegetables 
trc  fpecifically  heavier ;  the  floating  of  either  is 
therefore  to  be  attributed  to  the  cells  or  recepta- 
cles interfperfed  within  them,  which  are  filled 
iirith  air,  oil,  &c.  fubftances  lighter  than  water ;  fo 
that,  taken  together,  they  form  a  mafs  fpecifically 
lighter  .than  a  comparative  bulk  of  common 
Urater. 

Further,  the  bulk  of  the  body  is  increafed  by 
diftending  the  cheft  in  infpiration  ;  this  has  been 
tried  by  an  experiment  on  a  fat  man  of  an  ordi- 
nary fize,  by  finding  what  weight  he  could  fupport 
foas  to  have  the  top  of  the  head  juft  above  water. 
'When  his  breaft  was  full  of  air ;  he  was  found  to 
rife  with  fourteen  pounds  of  lead  without  ftriking 
out  in  the  leaft,  and  two  ounces  more  would  have 
kept  him  under  ;  but  when  his  breaft  was  not  thus 
diftended,  he  could  only  bring  up  eleven  pounds. 

All  equal  folids,  though  of  different  fpecijic  gra-^ 
Vity,  when  they  are  immer/ed  into  the  fame  Jiuid^  lo/e 
an  equal  "Vt^eight.  The  weight  which  gold,  or  filver, 
or  lead,  or  ftones,  or  any  other  body  lofes  in  water, 
does  not  at  all  depend  upon  the  fort  or  figure  of  a 
body,  but  upon  it's  bulk  or  fize.  The  Itone  lofes 
the  weight  of  an  equal  bulk  of  water,  fo  docs  the 
lead ;  when,  therefore,  they  are  of  the  fame  fize, 
they  each  of  them  lofc  the  weight  of  the  fame 
quantity  of  water,  that  is,  they  lofc  an  equal 
weight :  but  if  two  bodies  of  the  fame  fort  difier 
in  fize,  they  will  lofc  different  weights  in  propor- 
tion to  their  fize. 

Pd3  To 
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To  prove  that  the  lofs  of  weight  is  noc  affcSrf 
by  the  tofolute  weight  of  the  bod>'»  but  dependi 
on  it's  fize,  alter  the  wcipht  of  the  cyliiidcr,  by 
ndding  to  or  djminifhing  the  number  of  (hot  coo* 
taincd  in  it,  and  then  repeat  the  experiment  mA 
if  acd  the  bucket  as  before,  sind  you  Bill  fiod  tbc 
event  the  fame. 

In  the  fame  inannei  i  lliew  that  all  bodies, 
how  ever  different  their  f,  fie  gravity  may  bejf 
ihcir  magnirudcs  be  equ  fuf^T  an  equal  loG  of 

weight  in  the  fame  fluid;  u  $  a  cylinder  of  hlock- 
tin#  equal  in  dimcnfions  to  le  brafs  cylinder,  hit 
fpccifically  lighter,  being  i  [nerfed  in  water,  will 
lofc  the  fame  weight. 

Bodies  of  the  fame  weight,  hut  of  different  ffim 
fife  graviiies,  lofe  unequal  parts  of  ibetr  tvei^bts 
zirbeH  ibey  are  immerfed  in  the  fame  fiuid.  I'hiiS, 
this  piece  of  gold  in  one  fcalc  weighs  juft  as  much 
as  a  piece  of  copper  in  the  other  fcale,  when  they 
are  \%eighcd  in  air.  Now  hang  them  by  horfe- 
hairs  on  the  hooks  of  your  ballancc,  and  let  them 
down  into  the  glafs  vciTelsj  and  as  foon  as  they  arc 
immerfcd  in  the  water,  the  equilibrium  will  be  de- 
ft royed,  and  the  gold  will  outweigh  the  copper ; 
for  as  they  have  cqu;^!  weights,  their  bulks  arc  as 
their  fpccific  gravities,  that  is,  the  gold  will  be  as 
much  lefs  than  the  copper  as  the  fpecific  gravity 
of  the  gold  is  greater  than  that  of  copper ;  the 
gold,  therefore,  bccaufe  it  is  the  fmaljer  of  thf 
two  bodies,  will  lofe  lefs  of  it's  weight  than  the 
copper  docs,  and  will  confequently  outweigh  the 
copper. 

If  the  gold  and  the  copper  are  made  of  the* 
fame  weight,  when  they  arc  under  water,  then  by 
drawing  them  out  of  the  water  the  copper  will, 
become  the  heavier;  for  when  they  were  under 
the  water,  each  of  them  loft  a§  much  of  th 
weight  as  the  water  could  fuftain^  that  is,  each 
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bulk  for  bulk  heavier  than  the  fluid,  by  being  im^ 
merfed  it  lofes  only  the  weight  of  an  equal  bulk  of 
the  fluid,  and  confequently  the  refidual  or  remain- 
ing gravity  of  the  folid  mufl:  carry  it  down  to  the 
bottom,  or  make  \ifink. 

On  the  other  hand,  if  the  folid  has  lefs  weight 
in  the  fame  bulk  than  the  fluid,  then  it  cannot  by 
it's  weight  difplace  or  raife  upwards  it's  whole 
bulk  of  the  fluid,  but  only  fo  much  of  it  as  is  equal 
Xo  it's  own  weight,  and  from  this  deficiency  ia 
weight  it  will  be  only  partly  immerfed,  and  wiH 
therefore  fwim  upon  the  upper  part  of  the 
fluid. 

Of  all  the  animals,  however,  thrown  into  the 
water,  man  is  the  moft  hclplefs ;  the  brute  creation 
receive  the  art  of  Iwimming  from  nature,  while 
man  can  only  acquire  it  by  pracflice  ;  the  one  ef^ 
capes  without  danger,  the  other  finks  to  the  bot- 
tom. Some  have  aflerted,  that  this  arifes  from  the 
diflTerent  fenfibilities  each  have  of  the  danger;  the 
brute  unterrified  at  his  fituation,  ftruggles,  while 
his  very  fears  fink  the  lord  of  the  creation. 

But  much  better  reafons  may  be  afligned  for 
this  impotence  of  man  in  water,  when  compared 
to  other  animals  ;  and  one  is,  that  he  has  adtually 
more  fpecific  gravity,  or  contains  more  matter 
within  the  fame  furface  than  any  other  animal. 
The  trunk  of  the  body  in  other  animals  is  large, 
and  their  extremities  proportionably  fmall ;  in 
man  it  is  the  reverfe„  his  extremities  are  very  large 
in  proportion  to  his  trunk.  The  fpecific  weight 
of  the  extremities  is  proportionably  greater  than 
that  of  the  trunk  in  all  animals,  and  therefore  man 
^^ufl:  have  the  greateft  weight  in  water,  fince  his 
extremities  are  the  largeft:. 

Befides  this,  other  animals  to  fwim  have  only 
lio  walk  (as  it  were)  forwards  upon  the  water; 

the 
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the  motion  they  give  their  limbs  in  f\vimmiiig 
is  exafUy  the  lame  thef  ufc  upotv  land ;  but  it  i$ 
diflfcrent  with  man,  who  makes  ufe  of  thofc 
limbs  to  help  him  forwards  upon  water,  which 
lie  employs  to  a  very  different  purpofc  upon 
land. 
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LECTURE  XXXIV. 


On  the  Methods  of  estimating  the  Specific 
Gravity  of  Bodies^  on  Air-Balloons,  &c. 


FROM  the  principles  explained  to  you  in  the 
preceding  LcAure,  it  will  be  eafy  to  (hew  you 
in  what  manner  you  may  eftimate  the  fpccific  gra- 
vities of  different  bodies,  whether  folid  or  fluid. 
Now  the  fpecific  gravity  of  a  body  i$  the  weight  of 
that  body,  under  a  known  and  determinate  magni- 
tude ;  as  a  cubic  inch,  a  foot,  &c.  To  acquire 
this  knowledge,  the  body  is  to  be  weighed  bydro^ 
ftatically;  that  is,  i.  in  air;  2.  in  water.  You 
know  that  a  body  immerfed  in  water  difplaces  a 
volume  of  water  exaQly  equal  to  it's  own,  and  that 
it  lofes  a  portion  of  it's  weight  cxaftly  equal  to 
the  volume  difplaccd;  we  therefore  obtain  by 
this  mode,  i.  the  weight  of  the  body ;  2.  the 
weight  of  a  volume  of  water  perfectly  equal  in 
bulk  to  that  of  the  body.  Thefe  two  weights, 
compared  together,  give  the  relation  between  the 
fpecific  gravity  of  water,  which  we  fuppofe  to  be 
known,  and  that  of  the  given  body,  by  making  the 
following  proportion,  in  which  1000*  reprefents  the 
fpecific  gravity  of  water.  The  weight  of  the  vo- 
lume of  water  difplaccd  by  the  body,  .is  to  the 
weight  of  this  body,  as  1000  is  to  a  fourth  term 
fcprefenting  the   fpecific   gravity  of  this  body: 

fof 

^  In  hydroftatic  calculatioa,  water,  as  the  (Undard  from 
wHich  all  the  refpeftive  gravities  are  taken,  it  reckoned  aa 
fpnity,  or  i,  io^  100,  1000,  &c.  as  Uk  cafe  requirea. 
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for  the  fpccific  gravities  arc  as  the  weights  ofeqiM 
bulks;  ihcrcforc  the  fpeciftc  gravity  of  the  fluid 
is  ID  that  of  the  body,  as  the  weight  loft  in  ik 
iluid  is  to  the  whole  weight. 

Now  let  us  I'uppofe  a  piece  of  gold  to  wdgli 
38  grains  in  air^  and  only  36  grains  when  weighed 
in  water;  it  has  therefore  loft  two  grains,  Rca* 
foningi  therefore,  from  what  has  been  already 
proved,  we  fay  the  gold  has  loft  the  weight  of  ai 
much  water  as  is  equal  in  hulk  to  itfelf.  But  the 
gold  itfelf  weighs  j8  grains;  confequently,  bulk 
for  bulk,  the  weight  of  water  is  to  that  of  gold,  or 
ihc  fpecific  gravity  of  the  fluid  to  that  of  the  folid, 
m  2  rojS;  that  is^  as  the  weight  of  the  fluid  is  to 
ihc  whole  weight. 

Thus  the  whole  art  of  comparing  the  fpecifie 
r^ravlry  of  bodies,  conlifls  in  finding  out  what  the 
bo<ly  weighs  in  air,  and  how  much  of  that  weight 
is  lort  in  water;  and  then  dividing  the  firJl  weight 
by  the  difference  between  the  firft  and  fe^ond 
weight,  and  the  quotient  of  this  divifion  Ihewshow 
many  times  the  body  is  heavier  than  water. 

Th\e  definition  of  yjt>^r/^f^r^*i'/Vy  implies  com- 
parifon.  Sonne  kind  of  body  muft  be  fixed  upon, 
whofe  gravity  muft  be  made  a  ftandard  for  the  gra- 
vity of  other  bodies  of  equal  bulk  to  be  com- 
pared with.  This  ftandard  body  ftiould  have  two 
properties;  firft,  it  muft  be  eafy  to  be  had,  or  come 
at,  upon  all  occafions;  and,  fecondly,  it  ftiould  be 
of  as  fixed  and  unalterable  a  nature  as  poffible,  that 
there  may  be  no  variation  in  it's  gravity  in  equal 
bulks,  in  different  times  or  places. 

INovv  as  the  beft  way  of  difcovering  the  fpc- 
cific gravities  of  bodies  is  by  immerfion,  the  body 
muft  be  of  the  fluid  kind  ;  and,  among  fluids,  water 
is  that  which  poffcffcs  in  the  higheft  degree  the  re- 
quiiites  for  a  ftandard.     Diftilled  water  is  the  leaft 

objedionable^ 
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objedlionable,  next  to  this  pure  rain-water;  but 
common  water,  for  many  purpofes,  will  anfwer 
exceeding  well. 

The  fpecific  gravity,  or  weight,  of  a  given 
bulk  of  diftilled  water  is  nearly  at  all  times  the 
fame  j  and  by  comparing  this  with  other  fubftances, 
the  ratio  of  their  fpecific  gravities  may  be  dif-* 
covered;  and  denoting  the  fpecific  gravity  of 
water,  by  any  number,  taken  at  pleafure,  the  num- 
bers exprefling  the  fpecific  gravities  of  other  bodies 
are  hence  given. 

'  As  the  weight  of  one  cubical  foot  of  pure  dif- 
tilled water  is  equal  to  1000  ounces  avoirdupois^ 
if  it's  fpecific  gravity  be  denoted  by  i,  or  1000,  the 
weight  of  one  cubic  foot,  or  other  meafure,  of 
other  fubfl:anccs,  is  hence  found,  and  tables  of  the 
fpecific  gravities  of  bodies  are  formed. 

One  ounce  avoirdupois  is  equal  to  437.5  grains^ 
and  an  ounce  troy  to  480  grains;  confequently,  one 
avoirdupois  pound  is  to  one  troy  pound,  as  437X^6 
to  480  X  '2,  or  as  1750  to  1440. 

A  cubic  foot  of  water  is  equal  to  1000  ounces 
avoirdupois,  or  62.51b.  avoirdupois;  whence  we 
find  it  to  be  equal  75.951b*  troy. 

A  cubic  inch  of  water  is  equal  253.18  grains, 
or  -57869  parts  of  an  avoirdupois  ounce;  and 
353.18  grains,  or  5274  parts  of  one  troy  ounce. 

The   Use  of   the  HyrRosTATic  Ballance,    ix 

DETERMINING    THE    QuALITY    OF    GoLD,  &C. 

Being  able  to  determine  the  fpecific  gravities 
of  bodies,  you  will  thence  be  able,  by  weighing 
metals  in  water,  to  difcovcr  their  adulterations  or 
mixtures,  with  greater  exaCtnefs  than  by  any  other 
method  whatfocver.  By  this  means  the  counterfeit 
coin,  which  may  be  offered  you  as  gold,  will  be 

eafily 
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4       f  diftmguirticdj    and    known   to   be  a  bafcf^ 

I  principal  and  diflinguifhing  qualjtiei 

%\         id^  are  the  fimplicity,  minutcnefs,  and  clofc 

>hciiuil  of  it*spartsi  whereby  a  greater  number 

^hofe  pans  is  contained  in  Icfs  fpacc  than  iny 

body  with  which  we  arc  acquainted. 

As  ail  bodies  weigh   in  proportion   to  thfif 

quantity  of  gravitating   matter,   under  the  fame 

bu!k|  the  fpccilic  weight  of  gold  muft  be  fuperior 

to  tha:  of  other  metals. 

It  follows  from  hence,  that  if  gold  be  adul- 
terated with  any  other  metal^  iVs/pecific  gravity, of 
comparative  weighty  muft  be  /(/i  in  proporrion  t^ 
the  quantity  of  a/ioj^  The  zveigbt^  thcfcfore^  of 
gold,  is  a  furc  criterion  of  it's  quality. 

In  order  to  determine  the  precife  quantity  of 
alloy  compounded  with  gold,  gold  muft  be  weighed 
with  fome  other  maf^  as  a  pandard^  and  their  re- 
lative gravities  be  coniputed.  1  have  already  ftiewA 
you*  that  water  Is  the  moi!  convenient  ftandard. 

It  vrill  therefore,  from  what  has  been  faid,  be 
%afy  to  you,  by  means  of  an  accurate  hydroftatic 
ballance,  to  determine  it's  quality  and  real  value^ 
Weigh  a  piece  of  gold  firft  in  air,  weigh  it  then 
in  Water,  fubtraft  ifs  weight  in  water  from  the 
weight  in  air,  and  the  difference  (hews  the  lo/s  it 
has  fuflained  by  being  weighed  in  a  denfer  medium. 
Divide  the  tceigbi  in  air  by  the  h/s  in  water;  the 
quotient  (licws  the  fpecific  gravity,  or  how  many 
times  gold  is  heavier  than  water. 

On  the  contrary,  the  fpecific  gravity  of /rr- 
lingpid  being  known,  if  the  weight  in  air  of  any 
{Neceof  gold  coin  be  divided  by  tht  fpecific  gravity 
of  fterling  gold,  the  quotient  ihews  what  ought  td 
ht  it's  tofs  in  water;  and  if  it  be  found  to  lofe 
ttiore,  the  gold  is  bad»  or  has  too  great  a  quantity  of 

Gold 


I 
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^        Gold  is  about  eighteen  times  as  heavy  as  com- 
Inon  water;  the  fjpccific  gravity  of  ftcrling  gold  be- 
th^  Mcignt^of  water  as  17.793  to  i.     If, 
,  a  guinea  weighs  in  air  i29grains»  when 
'\ixighcd  in  water  it  muft  lofe  7,25,  or  7!  grains  of 
irs  weight;  becaufe  as  7*250  is  to  129^  fo  is  i  to 
17.793  ;  fo  that  a  quantity  of  wafer  equal  in  bulk 
ED  a  fterling  guinea,  weighs  7!  grains.    1  Ihall  (hew 
hereafter  how  to  compute  the  proportion  in 
h  the  quantity  of  alloy  in  counterfeit  gold  ex- 
ceeds that  which  is  allowed  to  a  ftandard,  and  pro- 
ceed to  deCcribe  the  hydroftatic  ballancc^  and  the 
iDcihod  of  applying  it  to  ufe.  ♦      • 

Of  the  Hvdrostatic  Baliance, 


The  beams  of  thcfe  ballances  are  in  general 

Je  from  eight  to  ten  inches  long;  and  with  the 

ferfe€lion&  nccelTary  to  a  good  ballance^beam,  at 

minted  out  in  my  Ledure  on  Mechanics,  it  either 

b  upon  a  ftand  or  fulcrum^  as  at^^.  3,  ;>/,  2j  or  is 

mdcnt,  as  ^tjig.  4,  pl^  2. 

To  this  beam  are  adjuftcd  a  pair  of  fcale- 
pans,  which  may  be  taken  oft  at  plcafure.  Thcre^ 
is  alfo  another  fmalkr  pan,  of  equal  weight  with 
one  of  the  others,  furniftied  witli  fliortcr  ftrings,  fo 
to  admit  a  vcflel  of  water  to  be  placed  under  ir. 
Then  the  bal lance  is  ufed  for  hydrolbtic  purpofes, 
is  pan  is  to  be  fufpcnded  at  one  end  of  the 
1,  and  one  of  the  common  fcale-pans  at  the 
r. 

The  glafs  bucket  is  to  hold  any  folid  body  to 
be  w  cighed  in  water,  and  is  to  be  fufpendcd  by  the 
horfe-hair  to  the  hook  at  the  bottom  of  the  fmall 
icalc.     There  is  a  weight  to  be  placed  in  the  op-^ 

pofite 


^  Set  an  c\ccUcnt  Hicle  tra£l  on  th«  ufe  of  tht  Hydroftalio 
biAUtiice^  by  Bctkcr. 


h 
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lie,  in  order  to  hallancc  the  bucket  cxaftlfj 


brafs  i&iig£  are  for  th^  iame  purpofc^  ai 
bell  fubibuices  as  cannot  conveniently  be 
I  the  bucket. 

4^_        fmall  brafs  nipper  is  inlended  for  weigh* 

||      Id  coin ;  which  may  be  more  accurately 
jp  by  this  than  in  the  tuckei^  which  is  pm* 

Lieltgned  for  fuch  things  as  cannot  well  bc< 
^i^%.^.%M  in  the  nippci  ur  ,  gs:  the  beam  will  turnj 
much  eafier  with  c  rr  ~  thcfe^  than  with  iht 
aiher.     A  fcale-bc3  led  at  each  end  with  i 

confidcrable  wqght^  i^         rtfible  of  the  addition  olf^ 
a  foiaU  one :  befidcs^  i  ifting  medium  of  water, 

through  w  hich  the  wL,  rface  of  the  bucket  and 
iV%  contents  muft  pafs,  i  :ns  the  vibration  of  the 
bram>  and  renders  the  ope  atiotj  both  tediotis  and 
uncertain. 

The  glais  folid  is  made  ufe  of  to  determine  the 
fpccific  gravity  of  fluids. 

Each  of  thefe  appendages  has,  you  fcej  a  re* 
fpCvltve  weight,  for  a  hallanre  in  water ^  which  art 
diftinguifhed  by  different  marks.  Thefe  weights 
arc  intended  to  ballance  them  exailly^  but  their 
corrccbiefs  may  be  injured  by  different  circtim- 
llanccsy  for  water  varies  coniidcrabi/  in  it's  den* 
fit\ ,  according  to  the  temperature  of  the  air;  in  hoi 
weather  it  is  lighter,  in  cold  it  is  heavier:  in  the 
former  cafe  the  ballance  may  appear  rather  too 
light,  and  in  scry  cold  weather  rather  too  heavy* 
W  henevcr  this  happens,  you  muft  reftore  the  equi- 
librium by  a  fmall  weight,  dropped  into  the  fcalc 
that  requires  it,  before  any  hydroftatic  experiments 
can  be  performed  with  accuracy.  From  hence  it 
is  natural  to  conclude,  that  the  fpecific  gravity  of 
the  iume  fubltances  m  ill  be  different  at  different 
times:  this  variation  is,  however,  fo  fmall,  parti- 
cularly 
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iHy  in  rh«  weight  of  gold,  as  not  to  be  regarded 
cummon  experiments. 

For  cafier  computation,   I  fliall  ufc  tenths  of 
\iins  for  the  fubdivilions  in  ihefc  experiments. 

To  riHD  THE  Sfecific  Gravity  of  Solids- 

Weigh  the  fubffanccs  firft  accurately  in  air, 

ting  down  w  ith  a  pen  the  weight  in  grains  and 

:tmal  parts  ;  then  hang  on  the  J  mail  water-fcalc 

^nc  end  of  the  beam  ;  place  under  it  the  glafe 

Tel,  pouring  water  in  till   it  be  filled  to  >^ithia 

ee  quartcrii  of  an  inch  from  the  brim :  let  the 

ly  to  be  weighed  be  then  placed  in  the  nippers^ 

*gs,  or  bucket,  as  is  moft  convenient;  and,  im- 

rging  it  in  the  water,  let  it  be  fuJpended  by  the 

rfc-hair  to  the  hook  at  the  bottom  of  the  water-*^ 


Take  care  that  the  fame  weights  that  baU 
lanced  the  body  in  air  be  in  the  oppofite  fcale,  and 
Bjkewife  the  proper  bal lance  xvater-ii^eigbtSj^nd  that 
H  air-bubble  adhere  to  any  part  of  the  fubnancc 
iti  the  water,  which  will  render  it  apparently 
lighten 

The  f>f>pofite  fcale  to  that  which  contains  the 
fubrtance  will  now  greatly  preponderate;  weights 
fliould  therefore  be  put  into  the  water-fcalc  till  the 
equilibrium  be  rcftorcd. 

The  pen  and  ink  will  now^  finifh  the  ope- 
ration. Divide  the  wet]^bf  in  air  by  the  /o/s  in 
^att'T;  that  is,  divide  the  number  of  grains  in  the 
Mge  fcale,  by  thofe  in  the  fmall  one,  and  the  quo- 
PPrit  will  fhew  the  fpecific  gravity,  or  how  many 
times  heavier  the  fubftance  that  was  weighed  is 

»n  water. 
If  the  weight  in  the  fmall  fcale  he  fubtraffed 
jQrpm  that  in  the  other,  it  will  Ihcw  the  rcjpeclive 

I  Vol,  UK  E  c  gravity 
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^j?r*rrof  the  wirighcd  fubftance,  or  the  wcigl 
Hill  ch  it  will  be  evenly  ballanccd  in  water, 

i  will  be  rendered  plainer  by  an  example 
«ir  twi       Wc%h  this  nev^  guinea  in  air;  you  hn 
ftKifid       i  weight  to  be  1 29  grains.     Now  fix  it  ill 
the  nippers,  fi^^nd  them  from  the  water-fcalc^ 
imoiexge  it  in  the  water     the  ballance- weight  0! 
the  nippers  betng  in  ^         ipofice  fcaic)rit  appc; 
CO  be  iightCT:  l^t  1  grains  into  the  water-] 

fciky  sad  the  equiltl  will  be  rcftored,  whici 

fltevs  thiX  flic  guinea  i&       )d»  or  that  flcrling  gold 
^  ^1*79 J  cisKsas  bcav)  «    mater. *^ 

Example  1.  Here  b  a  guinea  that  I  fufped 
10  be  bad,  i>r  counterfeit  Id^  though  upon  w  eigh- 
iag  it  iM  air  it  n  found  to  oc  of  full  wGight,  or  139 
grains*  Now  let  us  weigh  it  in  water:  it  has  loft 
Ea  I  grains;  what  is  it>  fpecific  gravity? 

Js  tbt  hjO  jK  tij/rr  is  u  ibe  zirigbi  in  air,fi 
MS  1  f9  /reiif.c  gr^iritwi  therefore  as  8.12  to  119^ 
}b  is  I  to  1 5.^%;  for  1 19.00,  divided  by  ^.ii,  give 
i5.SS6for  the  fpecific  gravity,  Ihewing  that  the 
gold  is  much  worfe  than  rterling. 

Examfff  J.  If  a  piece  of  CK  cr  weighs  %6 
griins  in  air,  what  is  it's  fpecific  gravity,  fup- 
poling  ti  to  lofe  6O-7  when  weighed  in  water? 
6d,**  :  636  :  :  I  :  10,478  the  fpecific  gravity;  by 
uhich  ic  appears  to  be  good  filvcr. 

Ex\imp:e  4*  How  much  heavier  than  water  is 
llint^glafs?  A  piece  of  white  flint-gkfs  weighed 
it»»|.o;,  and  loll  5OL60. 

fo  that  It  was  lomcw  h;\r  mere  rban  3^  times  heaviff 
than  it*5  bulk  of  waicr. 

Example 

•  T^.^s  1$  rjrar> ly  t!^  weight  of  a  rrw  gumca,  bot  not  fhiQIf 
ii:  its  real  \vc'*hi     viiuing  gold  at  j£'j   x?   lo^  per  ounce)  i# 
i  t»).-<  ^^,  or  nri^Jy  5  <iw!s,  ^  graimc  :  tb«  lois  iq  ^^ixr  w 
i!?ricfuicbe  7.27. 
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pple  5,  Mercury,  though  properly  a  fluid, 
ighed  as  a  folid.     Thus,  put  i  ouncc^  or 


nd 


ins  of  mercury  into  the  glals  bucket,  a 
og  it  in  waterj  it  will  be  found  to  lofe  nearly 
351  grains*  Mercury  therefore  is  heavier 
accr  as  15-67  to  i. 
lie  method  is  the  fame  for  moft  other  folid 
ices  that  are  fpecifically  bcavter  than  water; 
»fe  that  arc  ligbUr,  the  procefs  is  fumewhat 
nt. 

Vhtn  any  thing  floats  on  the  furface  of  a  fluidj 
Uccs  juft  fo  much  of  the  fluid  as  is  equal  in 
ro  the  weight  of  the  whole  floating  body, 
le  a  hollow  cube  of  tin,  2  inches  fquare,  to 
I  ounce;  this  being  floated  on  water,   may 
ipofcd  to  fink  in  it  half  an  inch,  or  one-fourth 
of  the  whole:  if  fo,  a  body  of  water  2  inches 

(',  and  half  an  inch  thick,  mull:  w  eigh  i  ounce, 
to  ihe  weight  of  ihc  cube,  which  would  be  4 
fpecifically  lighter  fhan  water*  'l*he  cube 
require  an  additional  weight  of  three  ounces 
nicrge  it  totally  in  the  fluid  ;  the  rej'pecjive 
iiy  of  the  water  to  the  cube  is  therefore  as  3  to 
|tl  confequentiy  a  bulk  of  water  equal  to  the 
fcvtjuld  weigh  4  ounces. 
From  hence  the  method  of  weighing  light  fub- 
">ecirically,  is  as  cafily  conceived  and  put 
/:e  as  that  of  weighing  the  heavier  ones- 
Ugh  ftjveral  diflcrcnt  appendages  have  been 
e  to  the  hydroftatic  buflancc  for  this  purpofc^ 
jjppcar  in  general  to  be  unncccflary,  as  moft 
[jcc^  that  are  not  too  large  to  go  into  the 
may  very  accurately  be  weighed  in  it. 
.  6,  Suppofc  it  was  required  to  find 
bet  i tic  gravity  of  a  piece  of  dry  beccb^vjood^ 
png  59.50  gtains. 

"avjng  fet  down  the  \\  eifrht  of  the  wood  in 
ic  in  the  tongs,  and  iLificnd  the  whole  to 
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the  ^  atcr-fcale,  placing  the  ballance-weight 
tongs  in  the  oppolitc  icale.  In  the  foregoii 
pCrimcnts,  we  let  the  weights  with  which  th 
ftance  was  weighed  remain  in  tbe/cale\  we  ai 
to  iake  Qiii  all  of  them,  except  the  SaUance^n 
and,  upon  immerging  the  tongs  and  wood  k 
water,  they  will  appear  to  be  lighter  than  the 
alone.  That  adding  a  weight  to  one  end  of  a 
beam  (hould  make  the  other  end  prepom 
feems  to  be  as  pamd^xical  as  the  weighing  nf 
but  it  ceafes  to  be  fo  when  we  confider  tl 
bodies  afcend  by  means  of  their  levity ,  but  by 
of  the  greater  denfity^of  the  medium  in  whic 
are  immcrfed-  The  wood  pulls  the  tongs  i 
with  a  force  equal  to  the  re/peiiive  grm^it) 
water  J  fo  that  it  requires  as  much  weight  to 
the  equilibrium^  as  the  wood  is  lighter  tl 
bulk  of  w  ater.  Small  weights  are  thcrefoi 
put  into  the  %vater-fca!e,  till  the  ballance  b 
and  the  weight  of  the  wood  in  air,  added  t 
fmall  weights,  will  be  equal  to  the  weight  ^ 
ofzcater  of  the  fame  lize  as  the  wood  ;  confc 
the  fpecific  gravity  will  be  as  the  weight  oj 
hulk  of-tvafer  is  to  the  weight  of  the  wo§d  in 

When  J  weighed  the  wood,  I  put  i6.7( 
into  the  water- fcalc,  before  the  ballance 
even.     16.70  added  to  59.50   (the  weight 
wood)  make  76.20;  therefore 

76.20  :  59.50  :  :  1. 000  :  .781  the  fpcci 
vity  of  the  beech. 

Example  7.  A  piece  of  very  dry  cork^ 
ing  in  air  24.3  grains,  required  1-^9.2  to  be 
the  watcr-fcale,  to  rcftore  the  ballance. 
added  to  24.3  make  173.5  (^"^^  weight  of  a 
water  equal  to  the  cork.)  As  1 73.5  :  24.3  : : 
,152  the  fpecific  gravity  of  the  cork; — 
li;jhter  than  water. 
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The  fpecific  gravity  of  another  piece  of  cork 
i^as  •24IJ  or  about  4  times  lighter  than  water, 

N.  B.  In  weighing  of  thofc  bodies  whofe  -pores 
readily  imbibe  the  water,  the  quicker  the  expe- 
riment is  performed,  the  more  likely  it  is  to  be 


&THOD   OF    FINDING    THE    SpECfFlC  GrAVITY    OF 

^^  Fluids* 

^m  That  which  is  meant  by  the  term  fpeeifie  gra~ 
^n  of  bodies,  being  nothing  more  than  the  dif- 
^■rnce,  or  comparative  weight  of  thofe  bodies  to 
rcrot  of  common  water,  we  might  eafily  find  the 
'fpecific  gravity  of  any  kind  oi  Jiuid,  by  weighing  a 
[quantity  of  it  againfl  an  equal  quantity  of  water; 
ibut  as  a  folid  body,  when  immcrfed  in  a  fluid,  lofes 

6 much  of  it*s  weight  as  a  bulk  of  the  fluid  equal 
ihc  body  weighs,  a  more  convenient  and  accu* 
c  method  is  the  immcrfion  of  a/fl//J,  of  fome  de- 
terminate weight,  in  the  fluid  whofe  fpecific  gra- 
^^y  we  defire  to  know. 

^"  For  this  purpofe  is  the  conical  piece  o^  folid glafs^ 
(belonging  tothc  hydroftatic  ballancc;  whofe  weighty 
(both  in  air  and  in  water,  being  known,  Ihews  im- 
mediately the  weight  of  the  fluid  into  which  it  \% 
fufpended;  the  folid  being  borne  up  by  the  fluid 
m  a  proportion  equal  to  it's  refpedivc  gravity, 
Suppofc  the  glafs  foHd  to  weigh  in  air  1464 
ains,  and  that,  when  it   is   fuf^^cnded  from  the 
er-fcale,  and  immergcd  in  water,  it  lofes  of  it's 
ight  445  grains;  this  would  be  the  weight  of  a 
Mk  of  water  equal  to  the  folid.     The   ballance- 
ight  for  the  folid  mufl  be  made  juft  equal  to 
I  it  weighs  in  water,  i,  e.  1019  grains. 
Whatever  fluid  is  to  be  weighed,  let  it  be  put 
o  the  glafs  recipient;  fufpend  the  folid  to  the 
E  e  3  hook 
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hook  of  the  watcr-fcale,  and  let  it  hang  frrcly 
the  liquor,  putting  the  ballance-wcight  in  the  o^ 
pofite  fcale.     If  the  fluid  be  hci^vicr  than  watc 
the  folid  will  rife  in  it;  if  lighter,  it  will  link  to 
the  bottom  of  the  recipient.     In  cither  cafe  fmi" 
V eights  are  to  be  put  into  the  lighter  fcalc,  til 
the  ballance  be  made  even. 

I.  When  the  Huid  is  light fr  than  water,  tl 
^'Cighz  pit ned  by  the  glafs  folid  is  to  hcJubtr.Mi 
from  the  weight  of  a  bulk  of  water  equal  to  ti 
folid  f44S]>  and  the  remainder  is  the  weight  of aif 
equal  bulk  of  the  fluid,  or  it*s  fpccific  gravity 
water. 

Example  i.    When  fuch  a  glafs   folid  as  t 
above  was  inimcrfLd  in  iranJy^  it  ballanccd  j8 
grains    more  than   in   water.     This,  taken  fi 
445.0,  leaves  406.8;  therefore  the  fpecific  wcigl 
of  the  brandy  was  to  water  as  406*8  to  445. 

To  reduce  it  to  it*s  proper  icrms,  multip] 
the  difference  [38. 2T  by  1000,   (the  denomiriit 
of  water)   and   divide   the  produd  by   445* 
445  :  38.2  :  :  looo  :  86;   fubtra^il   86  from   1000, 
there   remain  .914,    the   fpecific   gravity   of  the 
brandy. 

From  hence    it    appears,   that    the    brandy 
weighed  86  parts  ia  1000,  or  about  ^j  Icfs 
water. 

Example  2.  In  rum  the  folid  ballanccd 
grains  more  than  in  water;  as  445  ;  40.3  ::  1000:9^ 
— t)i  from  1000,  remain  .909.  The  fpecific  graj, 
vity  of  the  rum  to  water  was  therefore  .909*  l|fl| 
^bout  -^j.  ^ 

Example  3.  When  the  folid  was  immerfcd  in 
highly  rectified  fpirti  of  zvinr^  it  ballanccd  73^ 
jjiore  than  in  water;  therefore 445  :  73,6  ::iooo:  11 
,^165  from  1000,  remain  .835,  or  ^. 

Jt  appears  from  thefe  example*,  thaf  the  i»J 

droptk 
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^rojiaik  balliince  is  a  certain  and  corre<fl  inftrument 
jfor  determining  the  Jlrengib  of  /pirits,  perhaps 
more  fo  than  the  moft  accurate  hydrometer  that  ha$ 
lyct  been  made  for  that  purpofc. 

It  is  of  confidcrablc  confcquencc  to  dirtillcrs, 
^nd  dealers  in  fpirituous  liquors,  to  know  the  pre^ 
cife  point  of  llrength  which  is  termed  proof: 
[though  thii,  indeed,  is  rather  arbitrary,  than  any 
Ifixed  frandard  ;  but  the  degree  of  ftrcngth  which, 
j]  am  informed,  is  now  called  merchantable  proof, 
Itxeth  the  fpecific  gravity  of  the  fpirit  to  water 
at  -930* 

930  taken  from  1000  leaves  70;  therefore 
jooo  :  70  :  :  445  1  31-15-  So  that  in  proof  fpirit^ 
p  glafs  folid  of  the  weight  above-mentioned,  mtift 
pallancc  3i.i5»  or  about  3 1 1  grains  more  than  in 
f%i*ater. 

j  It  may  eafily  be  found  in  what  proportion  the 
jTpirit  is  above  or  beloiv  proof,  by  obferving  what 
quantity  of  zvdifr  or  alcohol  is  neceflary  to  be  mixed 
jwith  it,  in  order  to  bring  it  to  the  above  rtand- 
nrd  ;  and  it  might  be  immediately  known,  by  com^ 
iparing  the  weight  of  the  fpirit  with  that  of  water, 
if  the  fpecific  gravity  of  both,  when  compounded, 
remained  in  the  fame  ratio  as  w*hen  feparatc  j  but  a'i 
it  is  found  that»  when  water  is  mixed  with  fpirit, 
jlhe  fpecific  gravity  of  the  compound  is  greater 
than  that  of  the  water  and  the  fpirit  before  they 
are  comjx>tindcd,  the  calculation  mull  therefore 
^urn  out  incorre^'h  For  in  fiance, 
i  A  quantity  of  the  rum,  befarc-mcntioned,  equal 
\\\  bulk  to  the  glafs  folid,  vreighed  very  nearly  405 
grains,  an  equal  bulk  of  water  445  grains;  fuppofe^ 
henu  that  in  order  to  reduce  the  rum  to  proof  on<j 
fib  pari  of  water  ft  as  to  be  mixed  with  it; 
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Meaa  vdght  =   413 

JSf  this  it  appears,  that  a  quantity  of  tire  cotii* 
pound,  equal  in  bulk  to  the  gtafs  folid,  Ihould 
weigh  413  grains^  ar  *  "  >e^"qucnt!y  that  the  foH4 
when immerfed  in  it « f noula  ual lance  j  2  grains  moie 
than  in  water;  in  v^hich  caTe  it  would  f^iilbefoOKw 
what  above  proof* 

But,  upon  trial,  it  will  be  found  to  ballancci 
much  more  than  z^i,  and  that  there  mvil  be  I 
little  more  than  m€-feventb  part  of  water  miicd 
with  the  rum  to  reduce  it  lo  the  given  ftandanJ. 

Immediately  after  water  is  rtiixed  wich  fpinti 
the  compound  appears  ligbier;  but  in  a  few  hoan 
afterwards,  when  the  pardclesof  each  arc  more  in- 
timately united,  it's  bulk  diminifhcs,  and  confc* 
quently  the  fpecific  gravity  Increafcs^ 

From  a  few  experiments  of  this  kind,  tk 
theory  will  appear  fuffictently  plain;  and  a  tabic 
might  cafily  be  formed  for  Ihewing  by  infpe^Uon 
what  quantity  of  water  is  nccclTary  to  be  put  to  any 
given  quantity  of  Ipirit,  to  render  it  true  proof. 

2.  When  fluids  are  fpecifically  heavier  than 
water/  the  glafs  folid,  as  before  obferved,  will  rife 
in  fuch  fluid  (the  water  ballance-weight  being  in 
the  oppofite  fcale)  and  appear  to  be  lighter;  fmall 
w eights  are  therefore  to  be  put  in  the  water-fcalc, 
till  the  equilibrium  be  reftored;  and  the  lo/s  which 
the  folid  fuftains,  by  being  weighed  in  the  heavy 
fluid,  is  to  be  added  to  the  weight  of  a  bulk  of 
water  equal  to  the  folid;  the  fum  (hews  the  fpecific 
gravity  of  the  fluid  to  water. 

Example  4.    Suppofe  it  was  required  to  find 

the 
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^the  fpecific  gravity  of  ff a -water,  or  how  much 
Beavier  \i  is  than  rain-Nvatcr. 
■       Let  the  folid  be  fufpcndcd,  as  ufual^  ro  the 
water-fcale,and  immcrfed  in  the  fca-vvatcr,  putting 
tlic  ballancc-weight  in  the  oppolite  fcale.     It  wiU 
squire  11,6  grains  to  bring  it  to  an  even  bai- 
lee. 

As  445  :  1 1.6  :  ;  1000  ;  26. 

The  fpecific  gravity  is  therefore  1026;  which 
lews  that  fea-watcr  is  26  parts  in  1000,  or  jj  hea- 
icr  than  rain-water;  or  that  there  mufl:  b  1026 
jicafures  of  rain-water,  to  weigh  as  much  as  1000 
neafures  of  fea«warer.  The  method  is  the  fame 
jr  every  other  fluid  fpecifically  heavier  than 
ifater. 

The  fpecific  gravity  of/iZ/and  water,  in  equal 
jitantities  (in  meafure)  is  1205;  or  about  one-fifth 
icavicr  than  common  water. 

Method  of  discovering  the  Proportion  or 

tALLOV  MIXKD  WITH  GoLD, 
The  fpecific  gravity  of  jlerling  or  money  gold, 
before  obferved,  is  17.79,  which  is  the  ftandard 
rnade  ufe  of  in  the  following  calculations,  as  it 
comes  the  nearcft  to  the  average  weight  of  the  cur- 
rent Britifh  coin.  The  fpecific  gravity  of  pure,  or 
very  fine  gold,  is  indeed  confiderably  more ;  in 
fome  tables  it  is  made  19.64,  but  it  is  feldom  met 
^ith  fo  heavy  as  this.  The  fpecific  gravity  of  good 
mtver  is  10.37  5  ^^  copper  8,83. 
I  If,  then,  a  mafs  be  compounded  of  gold  anc^ 
k/^rr,  the  fpecific  gravity  of  the  compound  may  be 
Ihus  found,  without  the  ufe  of  the  ballance.  ^ 

I  Example  i,  Suppofe  a  mafs  of  metal,  half  ^a/i 
;ind  hdMjitver  [in  weight],  to  weigh  in  air  258.8 
■  grains, 
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F»  attd  ibo  fubcfad  the  Tpccific 

nl  fiDm  c)2^  of  the  am^ 

Ibcus  cbc  ra£io  of  fs/i j 

:  ^dviij  of  die  cmmpamml  be 

ikiCMffenU,  the  fomtiiikr  ii 

ichaCp  m  the  preceding  cf- 

Efce  aUof^  with  which  tbe 

*       ifoi  to  be  iiiff!r#j  10^ 

k^'s^ecifiL       »w^^iiu£thb  is  feldom 

i£  b  mc  •fti^  £fi~cpt€iable  with  vbit 

'  ■i£'^al»  a  coufilcrfcit  guinea  b 

kfii  tlkfic  rxaid  /feufit  grj%:tij^ 

'  io  be  kiKm :  the  foregoing  cx- 

if  appear  to  be  calcuUred  more 

tor  stj  real  itcilitr^  io  deter- 

had  gold.    This  conclufi<Hi| 

be  father  too  precipitaici  fuch 

aia^moim  have  not  only  2  ten- 

»  famtiaimg  tbe  fi]b)edj  but  they  lead  di- 

rccclT  to  the  Csrdred  point. 

Goid  WJLJ  he  mide  to  retain  a  very  fpecious 
jcpMiaiicc,  and  vet  be  rendered  much  worfe  than 
^^  r:  ^,  be  being  adulterated  with  inferior  metals, 
— -/  «:T%  C7T^$nr,  fome  kinds  of  tra/s,  &c.  and 
t'Vciih  ti:e  weigh:  of  thefe,  after  the  mafs  is  com- 
rvc:::coi,  cmraoc  be  precLfely  afcertained,  nor  con- 
l>^^ucacIy  the  exact  ratio  of  the  gold  ;  yet,  by  tak- 
ing the  ft^s^  fpecific  gravity  of  the  metals  genc- 
n:Iy  atcd  tor  adulterating  of  gold,  and  attending 
tv>  the  weight,  ctrfour,  fccc.  of  the  compound,  a 
pretty  cwnrecl  ju^^ment  might  be  formed  of  thq 
lutxjre  ot  the  sL.\r  -  and  if  this  be  luarly  true,  the 
hxdrvHtatic  examination  cannot  be  very  erroneous, 
bcc  >»  :U  gcrKraliy  prove  fufficiently  accurate. 

A$  a  l^eriit>g  ^^r^ra^  when  weighed  in  water, 

is 
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■s  found  to  lofe  7^  grains  of  it's  weight,  if  it  lofcs 

pnore   than   this»  the   ufiial   method   has  been  to 

reckon  the  gold  fo  much  Morfe  than  fterling,  by 

allowing  or  deducing  from  it's  value  a  certain  fum^ 

for  cverv*  grain  that   it   lofes  more  than  7^;  ana 

"perhaps,  a  more  corrcd  method  cannot  be  takcti^ 

^  that  fum  be  adc^iate  to  the  weight  of  the  alloy. 

A  piece  of  gooJy>7cTr,  of  equal  weight  with  a 

If^^*  (^^  1.294  grains)  when  weighed  in  w^atcr, 

of  ii*s  weight  1 2.47  grains,  which  is  5-a  more 

m  the  guinea  lofes  :  I 

pence,  pence. 

5-  •  252      :   :      I      :     48.4  | 

ercfore  a  gianca^  or  other  piece  of  gold  coin, 

e  adulterated  with  Jlher^  four  Jhillings^  at  leaft, 

uft  be  deduded  from  it's  value,  for  every  grain 

that  it  lofes  more  than  it  would  lofe  were  it  fteff- 

liiig  gold. 

A   piece  of  copper^  of  equal  weight  with  a 
ea,  lofcs  in  water  14.65,  which  is  7.38  more 
a  guinea. 

pence,  pence* 

7.38     :     25:      :   :      I      :     34  j 

that,  if  fterling  gold  be  adulterated  with  copper^ 

0  pllUn^s  and  ten-pence  is  to  be  deducted  from 

•s  value  for  ever)*  deficient  grain;  and  the  fame 

hod  will    afccrtain   the  proportion  for  tstxy 

!cr  fpecies  of  alloy. 

Counterfeit  guineas  arc  feldom  found  to  be 

iduherated  uith  Jihcr  alone,  but  more  generally 

rith  copper^  with  a  fniall  quantity  of  filver  ;  or 

ith  metals  whofe  weight  is  nearly  equal  to  that 

of  copper. 

From  the  mean  weight  of  thefe  metals  com- 
pared with  different  qffnys  that  have  been  made  ol 
^^^kountcrfcit  gold,  ic  appears,  that  if  three  ihillings 
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rfi^att^  i be  parti  af 

ibefi  digmni 

I  fchdoepei  tn  fpirifsof 
I  Ae  fuf  ^  it  which  links 
fgkS^  win  be  to  the  pan 
of  the  natcr  as  the 
b  10  llat  of  the  m- 
iarertcd,  dhat  i%  as  the  fpcciEc 
_  itxmtm  ^az  of  the  fpirits-   The 

jaft  vfek%  Cab  dcfev^  die  fierce  in  the  fpirks,  is 
t!rc  bc?k  of  is  rr:3r!i  irLrlr^  li  rs  equal  in  Meight  ta 
ifce  nbote  ccrk;  xrd  rhc  part  trhich  finks  below 
t?ic  ferfice  cf  :he  worcr,  is  ^^.e  bulk  of  as  much 
"irater  as  is  rqja!  hi  ueick:  to  the  fame  cork. 
Tlicfe  parts  xrt  :r-cr:f.'r^  :o  cjl<  h  other  as  the  bulb 
of  equal  \i  eights  of  fririrs  anJ  water;  but  thcfc 
bulks,  anid  cc7Jcqueni2y  :he  rarts  of  the  cork  that 
£nk  belcw  the f^rt'ace,  an:  invcifvl/  as  the  fpccific 
gra\i:ics  of  fpirlr^  and  waicr. 

Hci;ce  we  caadifcover  the  fpccific  gravity  of 
different  folids,  by  plunging  them  in  the  fame 
fluid ;  fo  wc  can  difcover  the  fpccific  gravity  of 
ditfcrcnr  fluid?,  by  pl'-i-ging  the  fanne  fofid  body 
into  them  ;  for  in  proporrion  as  the  fluid  is  light, 
fo  much  will  it  diniinilh  the  weight  of  the  body 
weighed  in  it.  Thus,  we  know,  that  fpiritof  wine 
has  left  fpccific  gravity  than  wxi^iy  bccaufe  a  folii 

th» 
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^^^■ui  iwim  in  \v3Lcr,  wni  unk  n\  fpirits  of  wiitC. 
^^^Hbngcr  nny  Huid  is,  the  greater  will  be  it*9 
pfifUnce  to  any  ibiid  immerfcd  j  fpiric  of  nitre 
f-  ^  Iter  fpccific  gravity  than  water;  a  folid 
il  >1I  i\nk  in  water,  will    fwim  in  fpirit  of 

I       The  method  of  comparing  fluids  with  each 
Ithcr  by  means  of  the  hydrometer  or  aerometer, 
Icpends  on  this  principle.     Before  1  enter  into  a 
lunutc  explanation  of   the   hydrometer  and   it's 
Ifcs,  I  thall  {hew  you  one  or  two  pJeafin^  expcri- 
lierus  with  Huids  of  diftcrcnt  weights.     Here  is  m 
Itafs  vctfct  which  is  divided  into  two  parts,  com- 
punicating  with  each  other  by  a  fmaJl  opening; 
pll  the  lower  part  with  red  wine,  and  then  f>our 
water  gently  into  the  upper  pare.    Aa  the  red  wine 
k  lighter  than  water,  you  w ill   foon   fee  it  rifiitg 
pke  a  fmall  thread  up  through  the  water,  and  dif^ 
Euling  itfelf  upon  the  furfacc  ;  it  has  continued 
Buing  fo  till  the  wine  and  water  have  changed  their 
places,  the  water  is  in  the  lower  half,  and  the  w  inc 
In  the  upper  half  of  the  velfeL 
I        Here  is  a  fmall  bottle,  whofe  neck  h  long 
Lnd   not   more  than   the  onc-fixch  of  an  inch  ia 
p  idth  ;  I  fill  the  bottle  with  red   wine,  and  then 
kiace  It  in  this  glafs  veffel  full  of  waterj  6:c.  which 
MS  between  two  or  three   inches   higher  than  the 
[bottle  ;  the  wine,  you   fee,  begins  to  come  out  of 
■he  hottie,  and  rifcs  in  the  form  of  a  fmall  column 
KU  the  furfaceof  the  water,  while  the  water  enters 
the  bottle  and  fupplies  the  place  of  the  uine  ;  the 
ftrcight  of  the    water  carries  it  down,  and  forces 
h  -  '"-    wine.    Vou   may  alter  this  experiment  by 
I ;  the  bottle  with   water  and   the  vcllel  with 

ktrinc,  and  then  placing  the  bottle  inverted  in  the 
Iveffcl ;  the  water  w  ill  dcfcend  to  the  bottom  of  the 
Lreflcl,  and  the  wine  will  mount  up  into  the  bottle. 
I         *Tbi'  bydrQmctir  ijii*  *9i?^'  *i)  ^^  one  of  the 
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mart  ufcfu!  philofophical  inflrumejicsj  for  thotij 
the  h    '     '         Ivallancc  be  the  moft  general  i 
mcnt  ii  the  fpecitic  gravities  of  all 

of  fubltunccs,  yet  the  hydrometer  h  better  to 
cover  with  cafe  and  expedition  thofe  of  fluids, 
confifts  of  four  parts,   i.  A  ball  of  mctal^  ivarj^ 
glafji.     ?,  A  tail  and  weight  to  poifc  the  i 
ment,  tliat  a  certain  part  of  the  inftrument  may 
alvinys  downmoft  in  the  liquor.     3.  A  long  ftt 
anfmg  from  the  oppofite  and  upper  part  of 
inftrumcnr.  4.  A  Ihoulder  on  the  upper  partof  tJii 
intlrumcnt^  for  occalionally  placing  of  weights 
caufc  the  inlVrumcnt  to  fink  fo  far  that  the  furfa 
of  the  Huid  may  always  cut  the  ftem  at  a  particui 
point. 

When  this  inftrument  is  fwimming  in  the 
fluids  the  part  of  the  fluid  difplaccd  by  it,  will  b^J 
equal  in  bulk  to  the  part  of  the  indrumcnt  uiide^| 
water,  and  equal  in  weight  to  the  whole  inftru*" 
Rient. 

Suppofe  the  weight  of  the  whole  to  be  400a 
grains,  and  it  h  evident  you  can  by  this  inflrrumcfit 
compare  together  the  different  bulks  of  4000  gmi 
of  various  fluids  :  for  inflance,  if  the  weight 
bottom  be  fuch  [as  (hall  caufc  the  hydrometer  t( 
link  in  rain  water  till  it's  furface  came  to  the  mii 
die  point  of  the  ftem  ;  and  if  after  this  it  be  ii 
jnedld  in  common  fpring  water,  and  the  furfa< 
thereof  is  one-tenth  of  an  inch  below  the  middl 
point,  it  is  evident,  that  the  fame  weight  of 
water  differs  in  bulk  only  by  the  magnitude  of 
tenth  of  an  inch  in  the  ftem. 

Now,  fuppofe,  for  calc  in  calculation,  the  ftem 
were   ten  inches    long,  and  weighed   100  grains* 
then  every  tenth  of  an  inch   would  be  one  grain 
weight ;  and  fmcc  the  ftem  is  of  brafs,  and  bi 
is  about  eight  times  heavier  than  water,  the  fi 
bulk  of  water  uill  be  equal  to  on'*  eighth  of 

gniiii, 
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h   ^"'!  confcqucntly  to  one-eighth  of  51^  part 
U  jIc^  that  is,  a  320,000  part  of  the  whole 

A  variety  of  hydrometers  have  been  con- 
led  of  late  for  the  purpofc  of  afcertaining  the 
igth  of  fpiritsi  but  as  government,  10  avoid 
iteSi  have  been  under  the  ncccfllty  of  palling 
iSt  to  conftitute  Clarke*s  hydrometer  (for  a 
time)  the  only  legal  one,  it  will  be  unnecef- 
firy  ro  dcfcribe  to  you  the  various  conftruflions 
that  have  been  made,  as  they  arc  by  this  means  ren- 
dered of  little  ufe  ;  and  as  the  fubjed  has  been 
taken  up  by  men  of  the  firft  abilities,  no  doubt 
fomc  inftrument  will  be  contrived  that  will  anfwcr 
the  purpofes  of  government  for  regulating  the 
icvtnuc,  and  at  the  fame  tiHrje  to  accommodate  the 
public*  Mr*  Ramfden,  in  an  excellent  paper 
>,  has  Ihewn,  that  to  anfwer  thefe 
u:^,.«.  .^  -.„:^.ofes,  four  fubjcds  muft  be  well  af- 
lined* 

I.  A  method  of  proportioning  and  expreffing 
n  mcjfures  the  quantities  of  fpirits  in  compounds, 
ind  of  determining  their  fpecilic  gravities. 

1,  A  means  of  afcertaining  the  increafc  or 
liintnution  in  the  bulk  of  a  given  compoaud  arif- 
fig  from  different  degrees  of  tempi rature. 

7*  The  application  of  the  experiments  under 
be  cwo  precedmg  heads  to  the  conrtruAion  of  an 
ydronieter,  which  ihall  give  the  fpeci fie  gravity  of 
iiy  compound  in  thoudindth  parts  of  thatofdif- 
llcfi  water  ;  and  at  the  funje  time  the  quantity  of 
lirics  of  a  given  ftrcngth  in  the  compound  in 
liKlrcdth  parrs  of  the  volume, 
^1  4«  A  method  to  determine  the  proportion  of 
^■ts  to  water  in  the  compound,  now  called  proofs 
Hth  the  commifTioncrs  of  the  cuftoms  have  Ilated 
^rcigh  feven  pounds  twelve  ounces  per  gallon, 
:  the  temperature  of  55  degrees;  for  which  pur- 
\ql.  UL  I-  f  pofc 
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pofe  it  b  nccellary  to  have  an  exmd  ^lon  n^a'^ 
forei* 

Froin  hence  you  may  lee  that  the  determining 
the  fpccific  gravities  of  fluids,  in  order  thereby  to 
obtain  the  ftrength  of  fpirituous  liquors^  h  a  very 
complicated  problem*  Mr.  De  Luc  has  (hcwii,^ 
that  when  an  hydrometer  is  employed,  there 
three  phyfical  cftafls,  the  degrees  of  which  aw 
tioc  proportionate  to  their  apparent  caufes,  an 
which  arc  united  in  one  effed,  namely,  the  diffcrc 
fining  of  the  hydrometer. 

i«  It  will  not  always  fmk  in  liquors  of  dif_ 
fcrent  denfities  proportionally  to  thefe  dcnfitief^ 
on  account  of  the  changes  of  it's  own  bulk  by 
heat,  and  the  polTible  irregularities  of  it's  branch. 
3.  it  will  not  fmk  in  proportion  to  the  changes  of 
temperature  of  the  fluid,  becaofe  the  changes  of 
denlity  in  the  latter  do  Mot  follow  the  fame  la* 
as  the  changes  of  temperature.  3*  It  will  not 
fink  cxaftly  in  the  inverfc  ratio  of  the  quantities  of 
phlegm,  becaufc  the  fpecific  gravity  of  the  fluid 
docs  not  follow  the  proportion  of  thcfe  quantities- 
It  has  an  increafing  progreffion,  and  here  the  inter- 
mediate caufc  of  this  difproportion,  which  is  evi- 
dent, may  give  you  an  idea  of  what  takes  place ifl 
nature^  and  hinders  phyficalctfeSs  from  appearing 
proportional  to  their  ca^fcs. 

The  fpirit  and  the  phlegm  penetrate  each  othcr» 
that  is  to  fay,  the  bulk  of  the  mixture  is  fomewh$l 
lefs  than  the  fum  of  the  t'lvo  bulks  before  the  mixture; 
and  thus  the  fpecific  gravity,  which  is  the  weight 
under  a  certain  bulk,  increafes  but  little  in  the 
inixture  comparatively  with  the  mean  fpecific 
gravity  of  the  component  parts. 

Ill 


*  Ramfden's  Account  of  ExpenmenU  to  determine  At 
fpecific  Gravities  of  Fluids. 
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Inorder^  'therefore^  to  have  equal  degrees  in 
ie  hydrometer,  without  feniible  error  in  the  fpi- 
ftuofity  that  it  is  intended  to  meafure,  you  mult 
u  thcfe  degrees  by  the  comparifon  of  effecfts  ob- 
hrvcd  within  the  limits  of  the  common  obferva* 
ions. 

For  as  to  phyfical  joint  effeds,  if  you  can- 
ot  fix  all  their  relations,  degree  by  degree,  by 
nmediate  and  fure-  obfervations,  you  mud  avoid 
fducing  general  rules  from  relations  taken  in  the 
xiremes.  The  adlion  of  caufes,  as  well  moral  as 
hyfical,  whether  from  the  variety  of  fubjefts  on 
hich  they  aft,  or  from  fecondary  caufcs  which 
fcape  our  attention,  is  too  complicated  for  the 
bfervable  modifications  to  incrcafe  in  the  exaft 
roportionof  the  evident  caufes,  and  confequently 
>r  the  joint  effeds  to  be  proportionate  between 
lemfelves.  If  the  joint  cffefts  are  proportionate, 
icrc  will-  be  little  loft  in  not  taking  diftant  points 
r  comparifon,  if  they  arc  taken  exactly.  If  thefe 
>int  eftedls  are  proportionate,  there  will  be  much 
lin;  and  the  lefs  proportionate  they  are,  the  greater 
ill  be  the  gain. 

We  are  obliged  to  take  up  with  probability  in 
iturc  in  fo  many  rcfpedts,  ihcik  it  is  perhaps  of 
ore  importance  to  us  to  invejiigate  the  pbyjical  rules 
'probability^  than  to  attend  to  it's  7nathe7natical 
lies  upon  hypothefis. 

F  A  Phenomenon  not  to  be  accounted  for  on 

THE  GDNERAL  DoCTRINE  OF  SPECIFIC  GRAVITY.* 

Bodies  of  the  grcateft  known  fpecific  gravity, 
hen  divided  into  very  minute  parts  by  the  men- 
rua  in  which  they  are  diflblved,  will  remain  fuf- 
mded  therein  for  any  length  of  tiaic ;  thus,  aqua 
gia,  or  even  elb^',  holds  fufpendcd  the  parts  of 
lat  moft  ponderous  of  all  metals,  gold.     Some 

¥(2  ma- 
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mathematicians  endeavour  to  account  for  this 
of  the  phenomenon;  but  there  is  another  difficdl 
which  will  not  bend  to  theory.     It  does  not  {o\U\ 
from  any  cftabiilhed  principles  how  a  body 
vidcd   into  parts,  however  minute,   can  pofiil 
ajcend  in   a  fluid  fpecifically  lighter  than  itfcl 
whereas  it  is  well  known,  that  in  fotne  folunonSi 
when  the  iblid  to  be  diffolved  is  placed  at  the  bot- 
tom of  a  vefTel  into  which  the  diflblving  fluid  ii 
poured,  the  parts  of  the  folid  during  the  folutioz!» 
without  any  mat  ion  whatever  being  communicateii 
to  the  vcffel,  will  be  diffiifed  throughout  the  fub- 
ftance  of  the  diffolving  fluid,  appearing  to  over^ 
come  the  natural  tendency  of  bodies  iowards  the  cen- 
ier  of  the  earib^  and  to  have  fome  new  power  of 
ifccnt  imprcfled  upon  it*s  particles. 

DirfERENT  Methods  of  ascertaining  thi 
Specific  Gravity  of  FluidSw 

Tlic  fpecific  gravities  of  water  and  any  other 
fluid,  may  be  compared  together  by  the  following 
procefs  :  weigh  very  accurately  an  ounce  or  other 
weight  pf  diftilled  water  in  a  cylindrical  giafs  phial, 
and  mark  precifcly  the  fpace  occupied  by  it ;  then 
pour  in  any  other  fiuid  till  it  fill  exaiflly  the  fanie  | 
fpace  with   the  water,  and  weighing  it  you  will  ' 
know  the  weights  of  equal  magnitudes  of  the  wa- 
ter and  the  other  fluid,  and  their  fpecilic  gra-  J 
\ities.  * 

The  magnitude  of  a  body,  however  irregular, 
may  be  foumi  by  immcrfing  it  in  a  cylindrical 
Tcird  of  ^ater,  and  marking  how  far  the  fluid 
rifcs  ;  for  thefpacc  contained  between  the  furfaca 
of  the  water  before  and  after  the  immerfion  of  the 
body,  is  equal  to  it's  magnitude;  andjthis,  together 
w  ith  it*s  weight,  being  known,  it's  fpecific  gra- 
vity is  aUb  known* 


■i 
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Tbg^  capacity  of  any  irregular  vejfel  may  be 
tnvn  by  filling  it  with  water;  for  the  water  being 
ughed,  it's  magnitude,  or  the  number  of  cubical 
ches  contained  in  it,  will  be  founds 

Let  the  veffcl  be  filled  with  water,  and  let 
e  weight  of  the  water  be  A  ounces;  then  make 
c  following  proportion,  as  52746  to  A,  fo  is  i  to 
c  capacity  of  the  veflel  exprefled  in  cubic  inches; 
is  will  be  facilitated  by  the  following  table : 


oz. 

cubic  inches. 

I 

—      1.8959 

2  " 

•—      3.7918 

3 

--      5.6877 

4 

7-5835 

5 

—      9-4794 

6 

—    "-3753 

7 

—    13.2712 

18 

—    15.1671 

''9 

—    17.0630 

To  exemplify  the  ufe  of  this  table,  fuppofc 
e  water  contained  in  a  receiver  of  an  air-pump 
other  veflel  to  weigh  235.18  oz.  then  referring 
the  table. 


oz. 

cubic  inches. 

200 

30 

5 
.1 

.08 

=    379.18 

—  56.88 
=        9-48 

—  -19 
=         -15 

445.88  the  number  of 
bic  inches  contained  in  the  veflel. 

If  avoirdupois  ounces  are  ufed  in  weighing 

e  water,  the  numbers  may  be  taken  from  the 

ove  table,  but  the  refulting  number  muft  be  mul- 

Ff3  tiplicd 


'«D  0  0^0  1000:1%  1 
S<.  ^  of  viecT  :  Sl  g>  of  ifierciifT  t : 
§4J»if  : :  IQOO  cc  ^  vt.  of  a   cubical 

vlncb    tt  thcrefafc  GqraJ  to  jodo; 
14*109  avwd^pM  amcou    Tbor  art  fotnei 

J  ^  for  fubftanccs  of  ik 
kiod«  tlsa^g^  dcBiMBiBaied  br  the  faine  nuMl 
naj  fioc  be  picc^df  SmSv,  and  fofnc  fmall  emifi 
WAy  paimpB  be  iaevilidilc  10  phjiicxl  expcnmtnUi 
but  tbqr  vill  be  inoofifidcfable  if  the  fcal^  br 
nicely  M&u^td^  and  the  ciperiments  cautiouQ] 
eomM^^  fo  that  the  bodf  weighed  do  not  rmtct 
the  botiom  or  Ikies  of  the  %'eflel,  nor  rife  above  tb 
furiace  of  the  fluid,  nor  bubbles  of  air  adhere  to  il' 
furface.  There  is  another  caufe  of  uncertaintj 
for  fncfr  fubftances  are  dilated  by  heat  and  coo 
tnwflcd  hv  ^^! ',  s"^  t'^c  dimenfions  of  the  firi 
body,  and  confequemly  it's  fpecific  gravity,  ar 
different  according  to  the  different  tcinperaturttC 
the  ambient  air ;  and  the  altitude  of  the  thcrmc 
meter  01  ght  to  be  confidered  in  conflruding 
table  of  fpecifiC  gravities.  The  different  cxpar 
fion  of  bodies  in  fummcr  and  ^\  inter,  and  confi 
qucntly  their  different  fpecific  gravities,  appc 
from  the  experiments  of  Homberg,  and  Eifci 
fchmeditcs,  in  his  *'  Difquifitio  nova  de  Pond 
ribus,  &G."  from  the  latter  of  whom  the  followii 
table,  exhibiting  the  weight  of  a  cubical  inc 
Paris  meafure,  of  different  fubilanc^s,  is  taken. 
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ble  of  the  specific  gravities  of  several 
Fluids. 


lie  inch. 

In  fummer. 

In  winter. 

meafure. 

0%. 

dr. 

gr. 

oz.  dr.gr. 

Tcury    - 

-    7 

I 

66 

7     2     14 

'  vitriol    - 

f9 

- 

7    71 

of  vitriol 

• 

ZZ 

«. 

5    38 

of  nitre 

-> 

24 

- 

6    44 

of  fait 

- 

49 

- 

5     55 

fortis 

- 

n 

- 

6    35 

ar 

- 

15 

- 

5       2C 

ed  vinegar 

- 

II 

- 

5     15 

ndy  wine 

- 

67 

- 

4    75 

of  wine 

- 

32 

- 

4    42 

!e 

- 

I 

- 

5      9 

ia!e 

- 

2 

- 

5       7 

milk     - 

. 

20 

- 

5     H 

}  milk 

- 

24 

- 

5     2:8 

- 

- 

H 

- 

5     ^9 

of  urine 

- 

45 

"      5     53 

of  tartar 

- 

27 

- 

7    43 

'  olives 

- 

SZ 

- 

frozen 

*  turpentine 

- 

39 

- 

4    46 

iter 

- 

12 

- 

6     18 

water    - 

- 

10 

- 

5     13 

y  water 

* 

II 

- 

5     H 

led  water 

- 

8 

- 

5     " 

t  appears  from  this  table,  that  the  expanfions 
erent  fluids  are  different  in  the  fame  changes 
temperature  of  the  air  ;  and  it  appears- from 
ation,  that  fubftances  not  fluid,  are  alfo  in 
r  circumftances  differently  dilated  ;  but  the 
t  of  given  magnitudes,  both  of  fluid  and  firm 
;,  being  diminilhed  by  heat,  and  increafed  by 
the  variation  of  their  fpccific  gravities  is 

left 


Ich  than  if  the  dimcELUons  of  one  of  thcmofilTl.^ 
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left  than  if  the  dii 
kid  heea  vmriabie. 

Of  Aisl  fiiiLLcxiKs. 


The  ronuaccs  of  almoft  every  nation  havci 
cwdcd  ifillances  of  pcrfuns  being  carried  thrtMjg!| 
ihc  air,  both  by  the  agency  of  fpirits,  and  by  j»ic- 
cHamcal  inventiam  ;  but  ""  the  time  of  the  cele- 
brated Lord  Bacon >  no  rational  principle  appears 
^vcr  to  have  been  thought  i  by  which  this  Diigk 
be  accompli fhcd.  Before  tW".  timc^  indeed.  Friar 
Baton  had  written  upon  the  hjed:,  and  many  had 
been  of  opinion,  that,  by  means  of  artificial  vingi 
fixed  to  the  arms  or  legs,  a  man  might  fly  as  well 

Ea  bird :  but  thefe  opinions  were  thorougly  re* 
ted  by  BoreIli,in  hisireatifc  "De  niotu  Anima- 
liuni,"   where,  from  a  comparifon   between  the 
powers  of  the  mufcles  which  move  the  wings  of  a 
tird^  and  thofe  which  move  the  arms  of  a  man,  he 
demonll rales  that  the  latter  are  utterly  infufficieot 
to  ftrikc  the  air  with  fuch  force  as  to  raife  him 
from  the  ground.     It  cannot  be  denied,  however. 
that  wings  of  this  kind,  if  properly  conftrudca 
and   dextroufly   managed,  might  be  fufficient  to 
break  the  fall   of  a  human  body   from    an  high 
pbce,  fo  that  fome  adventurers  in  this  way  might 
poflibly  come  oft'  with  fafety  •  though  by  far  the 
grcateft  number  of  thofe  who  have  rafhiy  adopted 
Kich  fchemes,  have  either  loft  their  lives  or  limbs 
in  the  attempt. 

In  the  year  1672,  Bilhop  Wilkins  publiftied  a 
trcatifc,  entitled,  "  The  Difcovery  of  the  New 
World/"  in  which  he  mentions,  though  in  a  very 
indiftinfl  and  confufcd  manner,  the  true  principle 
on  which  the  air  is  navigable;  quoting  from  Al- 
bcrtus  de  Saxonia  and  Francis  Mendoca,  •'  that  the 

-air 
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*U  is  in  fome  part  of  it  navigable ;  and  upon  this 

JUtic  principle,  any  brafs  or  iron  veffel  (fuppofe  a 

•Settle),  whofe  fubftance  is  much  heavier  than  that 

^f  water,  yet  being  filled  with  the  lighter  air,  it 

Vill  fwim  upon  it  and  not  fink.     So,  fuppofe  a  cup 

W  wooden  veffel  upon  the  outward  borders  of  this 

elementary  air,  the  capacity  of  it  being  filled  with 

fire,  or  rather  etherial  air,  it  mufl:  neccffarily,  upon 

the  fame  ground,  remain  fwimming  there,  and  of 

itfelfcan  no  more  fall  than  an  empty  fliip  can 

fink."     This  idea,  however,  he  did  not  by  any 

means  purfue,  but  reded  his  hopes  entirely  upon 

mechanical  motions,  to  be  accompliflied  by  the 

mere  ftrength  of  a  man,  or  by  fprings,  &c.  and 

which  ha v^  been  demonflrated  incapable  of  an- 

fwcring  any  ufeful  purpofc. 

The  only  perfon  who  brought  this  fcheme  of 
flying  to  any  rational  principle,  was  the  jefuit 
Francis  Lang,  cotemporary  with  Bilhop  Wilkins  ; 
he  being  acquainted  with  the  real  weight  of  the 
atmofphete,  juftly  concluded,  that  if  a  globular 
veffel  was  exhaufted  of  air,  it  would  weigh  lefs  than 
before;  and  confidcrcd  that  the  folid  contents  of 
vcffels  increafe  in  much  greater  proportion  than 
their  furfaces  ;  he  fuppofed  that  a  metalline  vcflel 
might  be  made  fo  large,  that  when  emptied  of  it's 
air,  it  would  be  able  not  only  to  raiie  itfclf  in  the 
gtmofphere,  but  to  carry  up  paifengcrs  along  with 
it;  and  he  made  a  number  of  calculations  nccef- 
fary  for  putting  the  projec^t  in  execution.  But 
though  the  theory  was  here  unexceptionable,  the 
means  propofed  were  certainly  infufticient  to  ac- 
complifh  the  end  ;  for  a  veffel  of  copper,  made  fo 
thin  as  was  neceffary  to  make  it  float  in  the  atmo- 
fphere, would  be  utterly  unable  to  refift  the  external 
preffure,  which  being demonftrated  by  thofe  (killed 
in  mechanics,  no  attempt  was  made  on  that  prip^ 
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In  the  year  1766,  Mr-  Henry  Cavendifh  afcer. 
taincd  the  weight  and  other  properties  of  infiam 
mable  air,  determining  it  to  be  at  lead  fe^cn  timoi 
lighter  than  common  air.     Soon  after  which  it  oc*i^ 
currcd  to  Dr,  Black,  that  perhaps  a  thin  bag,  fillo 
with  inHammabtc  air^  might  be  buoyed  up  by  th 
common  atmofphcre,   and  he  thought  of  havin 
the  allamois  of  a  calf  prepared  for  this  purpofe 
but  his  other  avocations  prevented  him  from  pr 
fecuting  the  experiment.     The  iame  thought  oc- 
curred fome  years  afterwards  10  Mr.  Cavallo ;  and 
he  has  the  honour  of  being  the  firft  who  made  ex 
peri  men  ts  on    the   fubjtct.     He  firft  tried  blad 
ders;  but  the  thinned  of  thcfe^  however  well  fcrap 
and  prepared,  were  found  too  heavy,   ^e  then  trio 
Chinefc  paper;  but  that  proved  fo  permeable,  i 
the  vapour  paffed  through  it  like  water  through 
fieve.     His  experiments,  therefore,    made   in  th- 
year  1782,   proceeded  no  farther  than  blowing  up 
foap-hubblcs  with  inHammable  air;  which  afcend 
fJipidly  to  the  cieling,  and  broke  againft  it. 

But  while  the  difcovery  of  the  art  of  areofta- 
tion  feemed  thus  on  the  point  of  being  made  in 
IJritainj  it  was  all  at  once  announced  in  France,  am 
that  from  a  quarter  whence  nothing  of  the  kin 
was  to  have  been  expeded.  Two  brothers,  Ste. 
phen  and  John  Montgolfier,  natives  of  Annonay^ 
and  mafters  of  a  confiderablc  paper  manufadoiy 
there,  had  turned  their  thoughts  towards  this  pro- 
]riA  as  early  as  the  middle  of  the  year  1782,  The 
Vdea  was  hrft  fuggcftcd  by  the  natural  afccntofthe 
fmoke  and  clouds  in  the  atmofphcre ;  and  their 
defign  was  to  form  an  artificial  cloud,  bv  inciollng 
the  fmoke  in  a  bag,  and  making  it  carry  up  the  co- 
vering along  with  it. 

Towards  the  middle  of  November,  that  year, 
the  experiment  was  made  at  Avignon,  with  a  fine 
filk  bag,  of  a  parallclopipcd  fliape.     By  applying 

burnbj 


n 

I 


On  Air  Balloons.  445 

burning  paper  to  the  lower  aperture,  the  air  was 
rarified,  and  the  bag  afcended  in  the  atmofphcre, 
and  ftruck  rapidly  againft  the  cieling.  On  re- 
peating the  experiment  in  the  open  air>  it  rofe  to 
the  height  of  about  fevcnty  feet. 

Soon  after  this  one  of  the  brothers  arrived  at 
Paris,  where  he  was  invited  by  the  Academy  of 
Sciences  to  repeat  his  experiments  at  their  ex- 
pence.  In  confcquence  of  this  invitation,  he  con- 
(Irudtedj  in  a  garden  in  the  Fauxbourg  of  St.  Ger- 
main, a  large  balloon  of  an  elliptical  form.  In  a 
preliminary  experiment,  this  machine  lifted  up 
from  the  ground  eight  perfons  who  held  it ;  and 
would  have  carried  them  all  off,  if  more  had  not 
quickly  come  to  their  afliftance.  Next  day  the 
experiment  was  repeated  in  the  prcfcnce  of  the 
members  of  the  Academy:  the  machine  was  filled 
by  the  combuftion  of  fifty  pounds  of  ftraw,  made 
up  in  fmall  bundles,  upon  which  twelve  pounds  of 
chopped  wool  ucrc  thrown  at  intervals.  The 
ufual  fucccfs  attended  this  exhibition  ;  the  ma- 
chine foonfwclled,  endeavoured  to  afcend,  and  im- 
mediately after  fuftained  itfelf  in  the  air,  together 
with  the  chaige  of  between  four  and  five  hundred 
weight.  It  was  evident  that  it  would  haveafcended 
to  a  very  great  height ;  but  as  it  was  defigned  to 
repeat  the  experiment  before  the  king  and  royal 
family  at  Verfailles,  the  cords  by  which  it  was 
tied  down  were  not  cut:  but,  in  confcquence  of  a 
violent  rain  and  wind,  which  happened  at  this 
time,  the  machine  was  fo  far  damaged,  that  it  be- 
came necelfary  to  prepare  a  new  one  for  the  time 
that  it  had  been  determined  to  honour  the  expe- 
riment with  the  royal  picfencc ;  and  fuch  expe- 
dition was  ufed,  that  this  vaft  machine,  of  near 
fixry  feet  in  height,  and  forty«three  in  diameter, 
was  made,  painted  with  water-colours  both  within 
and  without,  and  finely  decorated,  in  no  more  than 

four 
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of  the  atmofphere.     The  machine   ufcd  on  thi| 
occafion  was  fonned  of  gores  of  filk|   covered  ove 
with  a  varniHi  made  of  caouthouc,  of  a  fpherici 
figure^  and  meafuringtwenty-feven  and  an  half  fa 
in  diameter.     A   net  was  fpread  over  the  uppef^ 
hemifphere^  and   was   fattened  10  a  hoop^  whitli 
parted  round  the  middle  of  the  balloon.     To  th| 
a  fort  of  car,  or  rather  boat,  was  fufpended 
ropes,  in  fuch  a  manner  as  to  hang  a  few  fctx  bcJoi 
the  lower  part  of  the  balloon  ^  and,  in  order 
prevent  the  burfting  of  the  machine,  a  valve  wa 
placed  in  it|  by  opening  of  which  fonie  of  thek- 
flammable  air  might  be  occafionally  let  out.    iM 
long  111  ken  pipe  comma njcated  with  the  baUoon^ 
by  means  of  which  it  was  filled.     The  boat  was 
made  of  balket-wpilc,  covered  with  painted  lincn^ 
and  beautifully  ornamented;  being  eight  feet  long, 
four  broad,  and  three  and  an  half  deep>  it's  weight 
an  hundred  and  thirty  pounds.    At  this  time,  how-^f 
ever,  as  at  the  former,  they  met  with  great  diffi- 
Guttics  in  filling  the  machine   with/  inflammable 
air,  owing  to  their  ignorance  of  the  moft  propcF 
apparatus ;  but  at  lafl,  all  obftacles  being  removed, 
the  two  adventurers  took  their  feats  at  three  quar-r 
ters  of  an  hour  after  one   in    the  afternoon  of 
the  ift  of  December,   17S3.     Perfons  fkilled  ia 
mathematics    were   conveniently   ftationed,   with 
proper  inftrumcnts,  to  calculate  the  height,  velo- 
city, &c.  of  the  balloon.    The  weight  of  the  whole 
apparatus,   including  that  of  the  two  adventurers, 
was  found  to  be  604I  pounds;  and  the  power  of 
afcent,  when  they  fet  out,  was  twenty  pounds;  fff 
that  the  whole  diflference  betwixt  the  weight  of  this 
balloon,  and  an  equal  bulk  of  common  air,  was 
624  pounds:  i)ut  the  weight  of  common  atmo- 
QAere,  difplaced  by  the  inflammable  gas,  was  cal- 
culated to  be  771  pounds,  fo  that   there  remain:^ 
147  for  the  weight  of  the  laxter;  and  this  calcu^ 
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^Bon  makes  k  only  5    times  lighter  that!  commoa 

At  the  time  the  hallodn  left  the  ground*  the 
llicrmomctf  r  flood  at  ^^  I'ahrenheit*$  fcalc,  and  the 
luicklilvcr  jn  the  baromercr  at  30.18  inches;  and 
>y  means  of  the  power  of  afcent  with  which  they 
eft  the  ground*  the  balloon  rofe  till  the  mercury 
"ell  CO  27  inches,  from  which  they  calculated  their 
icight  to  be  about  600  yards.  By  throwing  out 
>allaft  occafionally,  as  they  found  the  machine 
Icfccndingj  by  the  efcape  of  fome  of  the  inflam- 
mable air,  they  found  it  practicable  to  keep  it 
pretty  near  the  famediftanc^  from  the  earth  during 
:he  reft  of  their  vo>age;  the  quickfilver  fluduating 
between  27  and  27,65  inches,  and  the  thermo- 
meter between  53*^  and  2"/**,  the  whole  time.  They 
continued  in  the  air  for  the  fpace  of  an  hour  and 
ee  quarters,  when  they  alighted  at  the  diltancc 
twcnty-feven  miles  from  Paris;  having  fuf- 
fercd  no  inconvenience  daring  their  voyage,  nor 
experienced  any  contrary  currents  of  air,  as  had 
n  felt  by  Meffrs.  Pilatre  and  D'Arlandcs.  As 
balloon  Ilill- retained  a  great  quantity  of  in* 
mablc  gas,  Mr.  Charles  determined  to  take 
ther  voyage  by  himfelf.  Mr.  Roberts  accordinly 
glOt  out  ot  tne  boat,  which  was  thus  lightened  by 
130  pounds,  and  of  confequcncc  the  aeroftatic  ma-^ 
chine  had  now  nearly  as  much  power  of  afcent* 
Thus  he  was  carried  up  with  fuch  velocity,  that  in 
twenty  minutes  he  vvas  almofl  9000  feet  high,  and 
entirely  out  of  fight  of  cerreftrial  objects.  At  the 
moment  of  his  parting  w  ith  the  ground,  the  globe 
had  been  rather  flaccid;  but  it  foon  began  to  fwcll> 
and  the  inflammable  air  efcapcd  from  it  m  great 
quantity   through  the   filkcn  tube.     He  alfo  fre- 

'  r|y  drew  the  valve,   that  it  might   he  more 

.*       .   emitted,  and  the  balloon  more  effectually 
Vol.  UL  G  g  prevented 
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m  lall^  Ik  ind  2  giaiid  and  mofl  enchaaiii 

'  y  of  Cfadkr^aBd  rhc  adjacent  plan 

.    The  river  Dec  afipemrcd  of  a  red  colour^ 

€Mf  ^etr  dnitatsme^  and  the  rown  entirely 

Tkc_mfaofe  appeared  a  pcrfcd  plain;  tk 

^      '     '      ao  appareoE  height,  Iwr 

all  i^lSr  fiEi9e  krrrt;  and  che  whole  ter- 

appeaitrd   like  a  coloured  map. 


JtM  dbmr  Ua  Eril  afccac,  being  in  a  wdUwaiertd 
wmA  wrirar  mic  of  tiie  ccmtuiy^  he  obfervcd  1 
lad  lenlar  rendrQcir  of  the  balloon  t^- 


f  Ae  fia;  bat  flvxtlj  afler  riling  into  another 
:0f  air.  fce  eicmpad  tbe  (bugcr.  This  upper 
crn^gs,  be  ^%^  mai  lifibte  to  him  at  the  time  of 
bsBk  afcoK^  bf  a  Ioltjr»  found  fiiatum  of  doudl» 
S»  ^g  a  m  bit  diicd ion.  The  pcrfpedi ve  appcrr^ 
2M9Ct  of  tfeis^  w  him  « ai  ven^  remarkable.  The 
lovcft  htd  of  rapoyr^  that  firft  appeared  as  cloudy 
m^fm?«bfte«  IB  detached  fleeces,  increatmg  as 
tio  rerfc:  tfeer  prd'emlj  toalefccd,  aod  formeo,as 
be  eijrfrircs  u,  a  Tea  of  cotton,  tufting  here  and 
ibeie  bf  the  actioc  of  the  air  in  the  imdifturbcd 
put  ol  t'^c  cIoiaIs^  The  whole  became  an  tu 
ury^c^i  uhnt  Itoor  of  cloudy  the  upper  furfacc 
being  faxcth  aisdcven.  Above  this  white  floor  he 
oblcr^cd^  i£  gtcat  and  untqual  diflances^  a  vaA  if-^ 
fetnbhc^  oi  tfaundtr-clouds,  each  parcel  conliAiog 
ol  «W^c  a. res  in  the  dcnfeft  toroi:  he  compares 
their  form  and  appearance  to  the  fmokc  of  pieces  | 
of  OfdiU"  e^  vtuch  had  coafolidated^  as  it  wcrf» 
inig  milfes  of  foow,  and  penetrated  through  the 
tip^^  fiiUcc,  or  white  flcor,  of  common  cloadj* 
.w  ..  ......_.-^^:*;i.;.^  „^   ..  ...^       Some  clouds 

h^xt  i;v.n;ons  :n  f.cw  ar4j  various  directions,  form- 
ing an  4p{:ctnincc  truly  ilupendous  and  majeftic." 
Mr.  balduin  alio  gives  a  curious  defcriptioa 
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of  his  tracing  the  ihadovv  of  the  balloon  over  the 
tops  of  volumes  of  clouds^  At  firft  it  was  fmall^  in 
fize  and  fhape  like  an  egg^  but  foon  increafed  to 
the  magnitude  of  the  fun's  difc,  {till  growing  larger^ 
and  attended  with  a  niofi  captivating  appearance 
of  an  ins  en<3*rc ling  the  whole  fliadow,  at  fome 
diftancc  round  it,  the  colours  of  which  were  re- 
markably brilliant*  The  region  diii  not  feel  colder, 
but  rather  warmer,  than  below ;  the  fuii  was  hot- 
tcft  to  him  when  the  balloon  was  Ilationary.  The 
difcharge  of  a  cannon,  when  the  balloon  was  at  a 

filiderable  height,  was  diftincUy  heard  by  the 
onaut;  and  a  difcharge  from  the  fame  piece, 
en  at  the  height  of  thirty  yards,  fo  difturbed 
him,  as  to  oblige  him  for  fafety  to  lay  hold  firmly 
of  the  cords  of  the  balloon.  At  a  conlidcrable 
height  he  poured  down  a  pint  bottle  full  of  water; 
and  as  the  air  did  not  oppofc  a  relirtancc  fuflicicnt 
to  break  the  ftream  into  imall  drops,  it  moftly  fell 
dow^n  in  large  drops.  In  the  courfe  of  the  bal- 
Joon's  trad,  it  was  found  much  aifccted  by  the 
uatcr;  a  circuraflancc  obfcrvcd  in  former  aerial 
voyages.     At  one  time  the  diredion  of  the  balloon 

trpt  continually  over  the  water,  going  di redly 
uards  the  fea,  fo  much  as  to  endanger  the  aero- 
ut.  The  mouth  of  the  balloon  was  opened,  and 
he  in  two  minutes  dcfcended  into  an  under  cur- 
rent, blowing  from  the  fea ;  he  kept  defcendi ng, 
and  landed  at  Bellair  Farm,  in  Rinfley,  twelve 
miles  from.Chefter.  Here  he  lightened  his  car  by 
thirty-one  pounds ;  and  inflantly  reafcending,  was 
carried  into  the  interior  part  of  the  country,  per- 
forming a  number  of  different  manoeuvres, 
H  At  his  greatcft  altitude  he  found  his  rcfpira^ 
flon  free  and  eafy-  Several  bladders  which  he  had 
_aIong  with  him  cracked,  and  expanded  very  con- 
Jcrably.  Clouds  and  land,  as  before,  appeared 
Gg3  on 
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on  the  fame  level.  By  way  of  experiment,  he  tried 
the  upper  valve  two  or  three  times,  the  neck  of  the 
balloon  being  ciofe;  and  remarked,  that  the  efcapt 
of  o;  was  attended  with  a  grou  ling  noife^  like 
01  **     but  not  near  fa  loud.     Aijain,   romi 

the  r  of  the  balloon  on  the  clmids^  he  cifa- 

fcrvcv.  iris;  and  at    fifty-three   minutes  pft 

three         nally  landed. 

'i  ..^  jgeneral  principles  of  aeroftation  arc  ft 
little  diff     jit  lit  )f  hydroftatics,  that  it 

may  feem  uiper  \  much  upon  them*  h 

is  a  fad  uni^  ,  that  uhen  abodyii 

i  '  i  weight  be  Icfs  than  an 

t^«,ii  u       ^,  all  rife  to  the  furfacc; 

but  if  1        ler,  u  hd  if  equal,  it  will  re- 

main iu  .uc  place.  t  leftp     For  this  rcafoa 

fmoke  af     ids  ^fphercj  and  heated  air 

into  that  v       i  u  The  afcent  of  the  latter 

is  Ihiwn  in  a  very  -     ,  atisfad.ory  manner,  by 

bringing  a  red-hot  iron  under  one  at  the  fcales  of  a 
ballance,  by  which  the  latter  ia  inftantly  made  la 
afcendj  for,  as  foon  as  the  red-hot  iron  is  brought 
under  the  fcale,  the  hot  air  being  lighter  than  that 
Mhich  is  colder,  afccnds,  and  flrikes  the  bottom, 
which  is  thus  impelled  upwards  j  and  the  oppo- 
fitc  fcale  defcends^  as  if  a  weight  had  been  put 
into  it. 

Upon  this  fimple  principle  depends  the  whole 
theory  of  aeroftation  ;  for  it  is  the  fame  thing  whe- 
ther we  render  the  air  lighter  by  introducing  a 
quantity  of  heat  into  it,  or  incloling  a  quantity  of 
gas  fpecifically  lighter  than  the  common  atmo- 
fphere  in  a  certain  fpace ;  both  will  afcend,  and 
for  the  fame  reafon.  A  cubic  foot  of  air,  by  the 
moft  accurate  experiments,  has  been  found  to 
weigh  about  554  grains,  and  to  be  expanded  by 
every  degree  of  heat,  marked  on  Fahrcnheit*s  thcr- 
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ctcr,  about  -go  part  of  the  whole.    By  heating 

Quantity   of  air^  therefore,   to    500   degrees  of 

rcnheic,  you  willjuft  double  it's  bulk  when  the 

(omctcr  ftands  at  54  in  the  open  air,  and  io 

fame  proportion  you  will  diminiih  it's  weight; 

if  fuch  a  quantity  of  this  hot  air  be  inclofcd  in 

t  that  the  excefs  of  the  weight  of  an  equal 

of  common  air  weighs  more  than  the  bag 

I  the  air  contained  in  it,  both  the  bag  and  air 

rife  into  the  atmofphere,  and  continue  10  do 

U  they  arrive  at  a  place  v^  here  the  external  air 

aturally  fo  much  rarificd  that  the  weight  be- 

\C$  equal;  and  here  the  whole  will  Hoat- 

The  power  of  hot  air  in  railing  weights^  or 

cr  that  by  which  it  is  itfelf  impelled  upwards, 

be  ihcw n  in  the  following  manner.     Roll  up  a 

*t  of  paper  in  a  conical  form,  and,  by  thrufting 

in  into  it  near  the  apex,  prevent  it  from  un- 

ig,     Faften  it  then,  by  it'3  apex,  under  one  of 

Tcales  of  a  ballance,  by  means  of  a  thread  ;  and 

ig  properly  countcrpoifed  it  by  weights  put 

the  oppofite  fcalc,  apply  the  flame  of  a  candle 

rneath,  you  w  ill  inftantly  perceive  the  cone  to 

^  and  it  will  not  be  brought  into  equilibrium 

the  other,  but  by  a  much  greater  weight  than 

who  have  never  fecn  the  experiment  would 

ve.     If  you  try  this  experiment  with  more  ac- 

ley,  by  getting  proper  receptacles  made  which 

in  determinate  quantities  of  air,  you  will  find 

the  power  of  the  heat  depends  much  more  on 

capacity  of  the  bag  \\hich  contains  it,  than 

well  be  fuppofed.     Thus,  let  a  cubical  re- 

tacle  be  made  of  a  fmall  wooden  frame,  covered 

paper,  capable  of  containing  one  foot  of  air; 

the  power  of  a  candle  be  tried  with  this^  as 

c  directed  for  the  paper  cone-     It  w  ill  then  be 

^  that  a  certain  weight  nay  be  raifcd;  but  a 

0  g  4  much 
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iimch  greater  <me  will  be  rmifed  by  haTii^  3  retep. 
facte  of  the  jaoK  kind  ^hich  cotiiaiiu  ;wo 
fcct,  a  flill  greater  by  ooc  of  three  frct^  a  jd 
greater  by  Ofie  of  ioiir  feet,  &c-  and  thii  crea 
ihotTph  the  %ery  fame  candle  be  made  ofc  of;  ficsr 
is  it  known  to  «h:it  Cvrent  even  the  poller  ol  ilii 
fmall  flame  mighi  b.  carrieiL 

From  thefe  experimenti  it  appears,  that  in 
the  aeroftatic  machines  conftrutted  on  Monii^o!. 
Iier*t  plan^  it  mud  be  an  advantage  to  have  them  11 
large  aa  pofTihlc,  bccaufe  a  fmaller  quantitv  of  fire 
uili  then  have  a  greater  effect  in  railing  them,  and 
the  danger  frcm  that  element,  iwhich  in  tbif  kind  1 
of  rnachinet  is  chieHy  to  be  dreaded,  wil!  be  in  a 
great  meafore  avoidid*     On  this  fubjc^t  it  mav  be 
rcnnarkcd,  thae  as  the  cubical  contents  of  agld»t, 
or  any  other  figure  of  Hhich  balloons  are  jnadc, 
incrcafc  murh   more  rapidly  than  their  furficcs, 
there  muft  ultimately  be  a  degree  of  magntttidcat 
which  the  fniallcft  imaginable  heat  would  raift any 
ueipht  ^hnrcver.     ThuSj  fuppoHng  any  aeroftatic 
machine  c  apable  of  containing  500  cubic  tect,  and 
the  air  within  it  to  be  only  one  degree  hotter  than 
the  external  atmofphere,  the  tendency  of  this  ma- 
chine to  rife,  even  without  the  application  of  arti- 
ficial heat,  would  be  near  an  ounce.      Let  it's  ca- 
pacity be  incrcafcdfixtecn  times,  and  the  tendency 
to  rife  will  be  equivalent  to  a  pound  ;   though  this 
may  be  done  without  making  the  machine  fixtten 
times  heavier  than  before.     It  is  certain,  however, 
that   all  aeroftatic  machines  have   a  tendency  to 
produce,  or  prcfcrvc,   heat  within  them;    which 
would  by  no  means  be  imagined  by  thofc  who  have 
not  made  the  experiment.     When  Meffrs.  Charles 
and   Roberts  made  their  longeft  aerial    voyage,  of 
150  miles,  I  hey  had  the  curiofity  to  try  the  tempe- 
rature of  the  air  vvirhin  their  balloon,  incomparifon 

with 
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Ith  that  of  the  external  atmofphere ;  and  at  this 
lie  they  found  that,  uhcn  rhr  external  atmolphere 
63%  the  thermometer  within  the  balloon  Itood 
104^  Such  a  difference  of  temperature  muft 
ive  given  a  machine  of  the  magnitude  which  car- 
ed them  a  conliderable  afcending  power,  inde- 
>endent  of  any  other  caufe,  as  it  amounted  to 
>rty-one  grains  on  every  cubic  foot;  and  there- 
^re.  in  a  machine  containing  50,000  fuch  feet, 
3uld  have  been  ahnoft  two  hundred  pounds, 
tence  we  may  eafily  account  for  what  happened  at 
^ijon,  and  is  recorded  by  Mr,  Mor^eau.  "  A  baU 
>n,  intended  to  be  filled  with  infiammabic  air, 
?ing  completed,  was,  by  way  of  trial,  filled  with 
>mmon  air,  and  in  that  Hate  expofcd  to  the  at- 
mofphere. Now  it  was  obferved,  and  indued  a 
lilar  obfervation  had  been  made  before,  that  the 
Ir  within  the  balloon  was  much  hotter  than  the 
Brcumambientair:  the  thermometer  in  the  former 
food  at  120;  whereas  in  the  latter,  even  when  the 
in  Ihone  upon  it,  the  thermometer  ftood  at  84. 
^vis  (hewed  a  confidcrable  dcgrte  of  rtrifa<flion 
Within  the  balloon;  and,  confeqiientljj  it  was 
fufpcctcd,  that,  by  means  of  this  rarifaction  alone, 
cfpecially  if  it  were  to  incrcafea  little^  the  balloon 
ITiight  afcend*     On  the  joth  of  May,  about  noon^ 

I  he  wind  being  rather  ftrong,  agitated  the  balloon 
bj  that  two  men  were  employed  to  take  care  of  it ; 
»ut,  notwithftandingall  their  endeavours,  it  efcaped 
rom  }V$  conimcmcnt,  and,  hiting  up  about  fixty- 
\vc  pounds  weight  of  cords,  equatorial  circle,  Sec* 
ofc  many  feet  high,  and  palling  over  fome  hou fes, 
went  to  the  diftance  of  250  yards^  v\herc  at  leiigth 
it  was  properly  fecured.*' 

This  difference  between  the  external  and  in* 
terna]  heat  being  fo  very  confiderable,  mull  have  a 
£rcac  influence  upon  aeroOatic  machines,  and  wilt 

undoubtedly 
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undoubtedly  infiuenrc  thofc  filled  with  inflaii 
mablt  air,  as  well  a^  the  nthcr  kind  ;  nor  is  it  un 
likely^  that  the  Oiort  time  which  many  aerial 
agcrs  have  hccn  able  to  continue  in  the  atmo 
fphcrCi  may  have  been  owing  to  the  Mant  of  a  me 
thod  of  prcfcrving  ihi^  inicrnal  heat.  It  may  na- 
turally be  fuppofcd^  and  indeed  it  has  always  been 
foundj  that  balioonsj  in  pafltng  through  the  higher 
regions  of  the  atniofphcre,  acquire  a  very  cosfi- 
dcrabic  quantity  of  moifture;  not  only  from  the 
rain  or  (now  they  fornetimcs  meet  with,  but  even 
from  the  dew  and  vapour  which  condenfcs  npoa 
them*  On  this  an  evaporation  will  inftantly 
take  pincc;  and  as  it  is  the  property  of  this  ope- 
ration to  produce  a  very  violent  cold,  the  internal 
heat  of  the  balloon  mull  be  foon  exhaufted  in  fuch 
a  manner  as  to  make  it  become  fpecifically  heavier 
than  the  conmion  atmofphere,  and  confequently 
defccnd  in  a  much  ftiortcr  time  than  it  would  have 
done  by  the  mere  lofs  of  air.  To  this,  in  all  pro-*  ^ 
bability^  we  are  to  afcribe  the  defccnt  of  the  bal- 
loon which  carried  MeflTrs.  Blanchard  and  JefFcriesj 
and  w  hich  fecmed  fo  extraordinary  to  many  peopk, 
that  they  were  obliged  to  have  recourfe  to  an  ima- 
ginary attradtion  in  the  waters  of  the  oceao,  in 
order  to  folve.the  phenomenon.  This  fuppofition 
is  rejedled  by  Mr.  Cavallo;  who  explains  the  mat- 
ter by  remarking,  that  in  two  former  voyages  made 
w  ith  the  fame  machine,  it  could  not  long  fupport 
two  men  in  the  atmofphere;  fo  that  we  had  no 
caufe  to  wonder  at  it's  weaknefs  on  this  occa* 
fion. 

Many  attempts  have  been  made  to  give  a 
progrcflivc  motion  to  air-balloons,  but  what  has  been 
hitherto  effeded  has  ferved  only  to  evince  the 
ignorance  and  vanity  of  the  projcdors.  The  dif- 
ficulty arifes  from  the  large  furface  which  the  bal- 
loons 
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15  cxpofc  to  the  refifling  medium  in  which  thcf 

^c  i  ihe  qiiantiry  of  air  to  be  difplaced  by  the 

ivellers  is   fo  great,  that  they  cannot   move  it 

R'ch  any  degree  of  velocity;  for  fuppoiing  them 
teive  the  balloon  a  fmall  degree  of  velocity^  the 
iftance  of  the  air  is  fo  great  that  their  ftrength 
will  be  employed  in  overcoming  this,  inftead  of 
■Sing  to  the  velocity  of  the  machine.  The  great 
poinc  is  therefore  to  form  a  balloon  of  fuch  a 
ire  as  will  move  through  the  air  without  dif- 
^cing  any  confiderable  quantity  thereof.* 

Having  introduced  thcfe'obfcrvations  on  air- 
lloonsj  by  obfcrving  that  the  art  of  penetrating 
and  being  carried  through  the  air  had  been 
fubje<5l  of  the  romances  of  almoft  every  nation, 
lall  conclude  this  fubjecl:  with  an  extrad:  from 
Johnfon's  Raflclas,  where  we  find  the  artift  endea- 
vouring to  pcrfuade  the  prince,  that  the  fields  of 
the  air  are  opcifto  knowledge,  and  that  only  ig- 
Brance  and  idlcnefs  need  crawl  upon  the  ground* 
W  **  The  prince  having  feen  what  the  mechanift 
bad  already  performed,  was  willing  to  fancy  he 
rould  do  more,  yet  refolvcd  to  inquire  further  be- 
fore he  fuffcrcd  hope  to  afHiifl  him  by  difappoint- 
ment.  '  1  am  afraid/  faid  he,  to  the  artillj  '  that 
^our  imagination  prevails  over  your  fkill,  and  that 
^ou  now  tell  me  rather  what  you  wifh,  than  what 

Sou  know  ;  every  animal  has  his  element  affigned 
lim,  the  birds  have  the  air,  and  man  and  beafVs 
the  earth/  •  So,'  replied  the  mechanift,  '  fiflies 
have  the  water,  yet  beafts  can  fwim  by  nature,  and 

Pm  by  art.  He  that  can  fwim  need  not  defpair 
fly;  to  Avim  is  to  fly  in  a  grofTer  fluid,  and  to 
:o  fwim  in  a  fubtilen  We  arc  only  to  pro- 
n  our  power  of  refinance  to  the  diftbrent 

den  fuy 

*  Ni^liolfoa*^  Intfoduflion  to  rhilofopby,  vol.  ti.  p.  96. 
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iiy  of  matter  through  uhich  you  arc  to 
will    be  neccflaiily  upborne   by   the  air, 
can   renew  any   impulfc  upon   it  faftcr 

:an  recede  from  the  prefTurc,' 
-  Dut  the  excrcifc   of  Iwimming/    faid   thej 
,ce>  '  is  very  laborious;  the  lironi^ert  limbs araj 
i  wearied;  1  am  afraid  the  ail  of  flying  iviil  bcf 

ire  violent,  and  wings  will  be    of  no  great 
uiUefs  we  can  Hy  further  than  mc  can  fwim/ 
'  The  labour  of  ri^—"  from  the  ground/  faid 
art i ft,  '  will  be  great ,  i/dt  as  we  mount  higher^ 
tne  earth's  attradtion an       ic  body's  gravity  will  be 
ually  diminifliedj  ti.         (liall  arrive  at  a  rc^on 
e  a  man  will  float  i-      e  air  without  any  tea- 
I  y  to  fall ;  no  care  m  en  be  neceflary,  but  la 

[  :  forwards  with  the       ntleft   impulfc,     Yo«i»l 

III,  w^hofe  curiollty  is  fo  tAicnfivc,  will  eafily  con- 
ceive with  what  plea fu re  a  philofopher  furmilied 
'U'ith  wings,  and  hovering  in  the  iky,  would  fee  the 
earth  and  all  it's  inhabitants  rolling  beneath  him, 
and  prefenting  to  him  fucceffively,  by  it's  diurnal 
motion,  all  the  countries  within  the  fame  parallel. 
How  muft  it  amufe  the  pendent  fpeclator  to  fee  the 
moving  fcene  of  land,  ocean,  cities,  and  defarts! 
to  furvcy,  with  equal  fecurity,  the  marts  of  trade, 
and  the  fields  of  battle  ;  mountains  infefted  by 
barbarian?i,  and  fruitful  regions  gladdened  by  plenty 
and  lulled  by  peace  !  pafs  over  diftant  regions,  and 
examine  the  face  of  nature  from  one  extremity  to 
the  other  !' 

*  All  this/  faid  the  prince,  '  is  much  to  be 
dcfircd ;  but  1  am  afraid  that  no  man  will  be  able 
to  breathe  in  thefc  regions  of  fpeculation.  I  have 
been  told  that  rcfpi ration  is  difficult  upon  lofty 
mountains  ;  yet  from  thcfe  precipices,  though  fo 
high  as  to  produce  great  tenuity  of  air,  it  is  very  eafy 
to  fall  I  therefore,  I  fufpcdt,  that  from  any  height 

where 
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^Rerc  lire  can  be  fupportcd^  there  may  be  danger 
^V  too  quick  defccnt/ 

^M  •Nothing/  replied  the  artift,  *  will  ever  he 
^^ppccd,  if  all  potTiblc  objcttions  mult  firft  be 
^HRrome  ;  if  you  will  favour  my  proje<fl,  I  will 
^nr  the  firfV  flight  at  my  own  hazard  ;  but  1  will 
^K  '^  nly  on  this  condition^  that  the  art  fhall  not 
^fti  Igcd,  and  that   you  fhall  not  dcfire  me  to 

^■uke  wings  for  any  but  ourfelvcs/ 
^P  *  Why/  faid  Raflclas,  '  fhould  you  envy  others 
L.-ib  great  an  advantage  ?  All  Ikill  ought  to  be  ex- 
^Brtcd  for  univerfal  good  ;  every  man  has  owed 
^Biuch  to  others,  and  ought  to  repay  the  kindnefs 
^Biat  he  has  received/ 

*  If  men  were  all  virtuous/  returned  the  artift^ 
L^I  Ihould  with  great  alacrity  teach  them  all  to  fly  i 
^Kui  what  would  be  the  fecurity  of  the  good,  if  the 
^^■|  could  at  plcafure  invade  them  from  the  (ley? 
^^Hpttnl^  an  nrniy  failing  through  the  clouds,  neither 
^l^allsj  nor  mountains,  nor  fcas  could  afford  any  fe- 
curity ;  a  flight  of  norrhcrn  favuges  might  hoveria 
the  wind,  and  light  at  4  nee  v,  ith  irrcfilliblc  violence 
upon  the  capit  d  of  a  fruitful  region  that  was  rol- 
ling under  thcin/ 

"  The  prince  promifed  fecrecy,  and  waited 

for  the  performance,  not  wholly  hopelefs  of  fuccefs; 

he  vifited  the  work  from  time  to  time,  obferved  it*8 

progrefs,    and   remarked  many    ingenious  contri- 

I     vances  to  facilitate  motion,  and  unite  levity  with 

^^■jngth.     The  artift  was  every  day  more  certain 

HpKne  Ihould  leave  vultures  and  eagles  behind  hin% 

^^nd  the   contagion  of  his  confidence  fcized  upon 

^thc  prince. 

'*  la  a  year  the  wings  were  finifhed,  and  on  x 
L^  morning  appointed  the  maker  appeared  furnilhed 
■tfor  flight  on  a  little  promontory  ;  he  waved  his  pi- 
^Kions  awhile  to  gather  the  air,  then  leaped  from  his 
^Band^  and  in  ar>  inilant  dropped  into  the  lake  :  his 
^m  wingi^ 
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\^ings,  ^\  hich  were  of  no  ufc  in  the  air^  fuftaincd 
him  in  the  \vatcr>  and  the  prince  drew  him  to  land 
half  dead  with  terror  and  vexation," 
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In  order  to  facilitate  our  power  of  remainiii 
on  the  furiace  of  water,  or  of  breathing  when 
the  bottom,  dift'crent  methods  have  been  contrive^ 
As  to  the  lirfl,  the  cork  waiftcoat  anfwers  thepul 
pofc  tolerably  well ;  for  the  latter,  the  diving  be 
is  a  well  known  fccurity*     DoAor   Ha/try,   in 
diving  bell  of  his  own  contrivance,  remained  fif^ 
two  feet  deep  at  the  bottom  of  the  fea,  for 
fpace  of  an  hour  and  an  half. 

The  diving  bell  is  an  inftrument  long  known 
and  in  ufe.     That  made  by  Doctor  Hal  ley,  was  in 
the  form  of  a  great  bell,  and  was  coated  with  lea(|^ 
fo  as  to  make  it  fink  in  w ater  :  it  was  three  fecfl 
wide  at  top,  five  feet  wide  at  bottom,  and  cighi 
feet  high.     Into  this  great  bell  the  diver  entered^ 
and  fat  upon  a  fmall  feat  within-lide,  prepared 
that  purpofc,  and  received  light  from  a  firong  gla 
at  top.     Thus  prepared,  by  means  of  a  rope,  th 
bell,  the   man  and   all    w  ere  let  down  to  the  bot- 
tom, in  order  to  fearch  for  goods,  or  fix  cords  to 
wrecks  of  fliips,  and  fuch  like  purpofes. 

Though  ihe  machine  is  open  at  the  bottom, 
and  goes  down  many  fathoms,  only  an  inconfide- 
rablc  quantity  of  water  enters  into  or  rifes  in  it, 
fo  that  the  diver  has  air  enough  above  fuch  water 
to  breathe  and  live  in  for  fome  time.  This  you 
may  illurtnite  by  an  eafy  experiment;  take  a  glafs 
tumbler,  and  plunge  it  into  water,  with  the  mouth 
downwards,  and  the  fides  perpendicular  to  the  fur- 
face,  and  you  will  find  very  little  water  rife  in  the 
tumbler*  It  is  the  air  contained  therein  which  re- 
fills and  prevents  the  water  riling. 
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It  is  in  this  topmofl:  part,  which  is  empty  or 
f>nly  filled  with  air,  that  the  diver  keeps  his  head^ 
and  breathes  that  air  which  thus  refills  the  afcend- 
ing  water ;  here  he  can  remain  for  fomc  time, 
living  upon  thccondcnfcd  air,  and  at  the  fame  time 
performing  what  he  dcfcended  for*  h 

But  to  be  more  particular  in  the  defcnption^ 
of  Do<flor  Halley"^  bclL  In  the  top  was  fixed,  as 
mentioned  above,  a  ftrong  clear  glafs  to  let  in  the 
light  from  tibove,  and  likcwifca  cock  to  let  out  the 
hoc  air  that  had  been  polluted  by  repeated  infpi- 
ralion  below.  It  wasj  fufpended  from  the  maft  of 
a  fhip,  and  fo  hoiflcd  over  the  lliip's  lide  as  to  be 
let  down  utthout  danger.  In  this,  two  or  more 
divers  were  let  down  to  the  bottom,  and  two  bar- 
rels of  air  were  let  down  to  them,  to  fupply  them 
iiich  frcih  air,  which  alternately  rofeand  fell  like 
two  buckets.  As  the  air  from  the  barrels  was  let 
into  the  fpcc  in  the  bell  free  from  water,  it  en- 
tered cold,  and  expelled  the  hot  air,  which  had  been 
fpoilcd,  out  through  the  cock  at  the  top.  By  thb 
method  air  was  communicated  in  fuch  plenty,  that 
the  do(5tor  informs  us,  that  he  was  one  of  five  wha 
were  together  at  the  bottom  in  ten  fathom  of  M-a- 
icr,  for  above  an  hour  and  an  half  at  a  time,  with- 
out any  fort  of  ill  confcc^ucrice  ;  and  he  might  have 
continued  there  as  long  as  he  pleafcd,  for  any  thing 
that  appeared  to  the  contrary.  By  the  glafs  at  the 
"top  of  the  bell,  fo  much  light  was  tranfmitted  when 
ihc  fun  Ihonc,  and  the  lea  undiUurbcd,  that  he 
could  fee  perfectly  well  to  read  and  write,  or  to 
ilnd  any  thing  that  lay  at  the  bottom ;  but  in  dark 
•  weather,  and  when  the  fea  was  rough,  he  found  it 
«  dark  as  night  at  the  bottom.  Cut  then  this  in- 
convenience might  be  remedied^  by  keeping  a  can- 
dle burning  in  the  bell  as  long  as  he  pleafed  ;  for 
he  found  by  experience,  that  a  c:indlc  polluted  the 
ftir  by  burning,  juft  as  a  man  M•^J^ld  by  refpiring, 

both. 
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both  requiring  about  the  fame  quantity  of  frefl 
air  for  their  fupport,  to  the  amount  of  nearly 
gallon  in  a  minute. 

This  machine  was  fo  far  improved,  that  ond 
of  the  divers  might  be  detached  to  the  diftancc  of 
eighty  or  an  hundred  yards,  by  a  clofe  cap  being 
put  upon  his  head,  with  a  glafs  in  the  fore  part  for 
him  to  Tlc  through,  and  a  pipe  to  fupply  him  with 
air,  convmunicating  with  the  great  bell  ;  this  pipe 
was  Hcxible,  coiled  round  his  arm,  and  fervedhim 
as  a  clue  to  find  his  way  back  to  the  bell  again. 
The  only  inconvenience  that  Ha/ley  complained  of 
v/as,  that  upon  their  firft  dcfcending,  his  compa^ 
nions  and  he  found  a  fmall  pain  in  their  ears,  as  if 
the  end  of  a  quill  were  thruft  forcibly  through 
into  the  aperture  of  the  ear.  One  of  the  diven, 
however^  willing  to  remedy  this  inconvenience, 
ftiiffcd  his  ears  with  chewed  paper,  which,  as  the 
bell  dcfccnded,  was  fo  forcibly  preffed  into  the 
cavities  of  the  organ,  that  the  furgeon  could  not 
extrad:  the  fluffing  without  great  difficulty. 

^riedwald^  a  Swedifi  engineer,  has  made  fomc 
improvements  on  this  machine  lince  Haiieys  time. 
That  contrived  by  him  is  Ids  than  Ha/iey's,  and 
confequently  more  cafily  managed ;  it  is  illumi- 
nated with  three  convex  glaffes  inftead  of  one,  It 
has  been  found,  that  the  nearer  the  diver's  head  is 
to  the  furface  of  the  water  in  the  bell,  the  better 
he  breathes,  for  the  air  at  that  place  is  moll  com-  j 
fortable  and  cool.  In  TrieJwald's  bell,  the  diver**  " 
head  is  therefore  nearer  the  water,  and  when  there 
is  a  neceffity  for  his  lifting  up  his  head  to  the  top 
of  the  bell,  he  has  a  flexible  pipe  in  his  mouth, 
with  which  he  breathes  only  the  air  at  the  furfacct 
gf  the  water  at  the  bottom  of  the  bell. 


Of 
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Of  Mr.  Smeaton's  Diving  Chest^/^.  6,  pi.  2. 

This  machine  was  ufed  with  great  fuccefs  by 
At.  Smeaton,  at  Ramfgate.  Inftead  of  the  ufual 
arm  of^ieli,  or  of  a  conical  tub  of  wood  funk  by 
reights  externally  applied,  Mr.  Smeaton's  was  a 
]uare  cbefi  of  oaft  iron,  which  being  50  cwt.  was 
icavy  enough  to  fink  iifelf ;  and  being  4^  feet  iii 
teight^  4t  lect  in  length,  and  3  feet  wide,  afforded 
oom  fufficient  for  two  men  at  a  time  to  work  under 
t.  It  was  peculiar  to  this  machine,  that  the  men 
herein  were  fupplicd  with  a  conflant  influx  of 
refh  air  without  any  attention  of  their's  ;  thatne-^ 
rcflary  article  being  amply  fupplied  by  a  forcing 
lir^pumpy  in  a  boat  upon  the  water's  furface.  The 
^gure  will  give  you  an  idea  of  this  machine  ;  only 
n  the  model  from  which  the  drawing  was  made^ 
lie  fides  were  of  glafs,  for  the  purpofe  of  rendering 
hie  efFeds  vifible.  In  Mr.  Smeaton's  cheft  light 
iras  admitted  through  four  ftrong  pieces  of  glafs 
ittcd  to  the  upper  part  of  the  cheft. 

Thus  you  find,  that  fcarcc  any  part  of  nature  is 
wholly  fecludcd  from  human  vifitation,  fince  means 
lave  been  found  to  afcend  into  the  aerial  regions, 
lul  to  dejcend  without  danger  to  the  bottom  of  the 
cean. 


Voi.  III.  H  ^  LECTURE 
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LECTURE   XXXV, 
Op  Hydraulics^  oh  thb  Motion  o^FLiilMi 


HYDROSTATICS,  as  you  have  fcen.  deteft 
mines  the  wi^ight  or  preflhre  of  fluids  opofl 
folid^i  or  upon  estch  other  in  vefiels  where  the  wate» 
is  not  fufFered  to  cfcapej,  but  remains  at  reft ;  hy* 
draulics  has  for  it's  objeA  the  motion  of  fluidii 
Upon  the  principles  of  this  fcience  nulny  machinei 
are  coaflructcd  ;  feveral  engines  ufed  in  the  mc^ 
chanic  arts,  and  various  kinds  of  mills,,  punmi 
and  fountains,  are  the  refult  of  hydraulics  Jufli' 
cioiifly  applied. 

If  we  knew  with  certainty  the  mafs,  the  figuit» 
and  t!ie  number  of  particles  of  a  fluid  in  motion, 
the  laws  of  it's  motion  might  be  determined  bf 
the  rcfoiution  of  a  mathematical  problem,  natnclfi 
by.  findin;r  the  motion  of  a  fyftem  of  fmall  free 
bodies  acting  one  on  the  other  in  obedience  ta 
Ibmc  exterior  force,  as  that  of  gravity.  We  aic^ 
however,  very  far  from  being  in  pofleflion  of  thi 
data  rcv-uiilic  for  the  folution  of  this  problemi 
even  if  wc  were  in  poffcflion  of  them,  I  do  not 
know  Lh:\t  v.  c  lliould  be  much  farther  advanced, 
as  it  would  be  difricult  to  deduce  any  fatisfaAory 
refults,  from  the  intricate  calculations  in  which 
the  qucilion  would  be  involved.  Some  great  nw- 
thcmaticians  have  endeavoured  to  deduce  the  lawi| 
ot  motion  in  fluids  from  the  equilibrium  of  thcirj 
purii:lcs,  but  un for cunarcly  they  are  focomplicati ' 
ih  to  be  of  no  practical  ufe. 

Accurate  phyfical  principles  are  always  ncci 
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hry  brfort  arty  Utility  can  be  drawn  from  mathe- 
laticai  abilities.  Men  liiay  enter  deeply  into  ab- 
ra^  fpeculations^  and  Hfe  from  afTumcd  data  to 
K  moA  fublime  efforts  of  the  human  mind  ;  but 
no  phyfical  exiftefices  correfpond  with  thofe 
iCa,  no  advantage  can  arife  to  the  general  flate  of 
rtdwledge  from  exercifes  of  this  kind^  and  they 
lit  only  be  cofiiidered  as  mere  amufements  of  thd 
oderildnding. 

It  will  be  therefore  neceflary  for  thofe  who 
ifli  to  inveftigate  this  fubjedl,  to  endeavour  to 
lablifh  theif  phyfical  principles  on  experimental 
\£t8g  and  accurate  obfervatk>n.  In  what  I  lay  bc« 
wc  you,  1  (ball  chiefly  follow  the  Aiie  Bojfut. 


Df  the  Spouting  of  Fluids  through  smal^ 
Orifices.* 

When  water  fpouts  from  a  fmall  hole  in  the 
POttom  of  a  vcflel,  i.  The  water  dcfcends  nearly 
ti  a:  vertical  diredion,  and  the  furface  deviates  very 
ittlc  from  a  horizontal  plane ;  but  at  abdut  three 
T  four  inches  from  the  bottom  the  partieles  turn 
irom  the  vertical  dired:ion,  and  come  from  all 
«rt8  with  a  motion  more  or  kfs  oblique  towards 
he  aperture.  The  fame  thing  takes  place  when 
he  water  efcapes  from  a  fmall  hole  in  the  fide  of 
he  veffel.  The  tendency  of  the  particles  towards 
he  orifice  is  a  neceflary  confcquence  of  their  per- 
cft  mobility,  for  they  are  hereby  naturally  direded 
owslrds  that  part  where  they  meet  with  the  leaft 
eliftance^  which  part  is  the  aperture. 

Hh2 

/^Thefe  who  wi(h  to  (ludy  this  fubjeft  ^"Uy^  fhould  c^nfiiU 
UsOdi^  Trait^  Elementaire  d'Hydrodynamique. 
Buat)  Principes  d'Hydraulique. 
Ko&y,  ArchitcSur«  Hydrauliqtit* 
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'     •a.  Ae  a  fmall  diftance  frojB  the  bottom 
the  veird  the  water  forms  iiftlf  into  a  kind 
fuhnci,  whnfc  point  or  fummit  correfponds  Vkil 
'tile  center  of  the  hole.     When  the  water  mmoi 
otaVoIc  in  the  Iidc  of  the  vcirtl,  it  forms  only 
Icind  ot   halt'  funnel,  beginning  when  the  furfaci 
©early  touches  the  upper  edge  of  the  hole.    Iti 
proWble  that  the  fanncl  begins  to  be  formed 
fbon^.'i  the  water  begins  to  run  out;  but  it  d 
.ip«^*come  very  fenlible,  excepc  when  the  fuffici 
jft  8ta  fmuU  di*\ance  from  the  bottom,* 
'.       yUc  funnel  commences  at  a  greater  Hci| 
fifom  the  bottom  of  the  vcflel,   in   proportion  al' 
the  Ikjttom  is  larger  ;  the  fize  thereof  is,  howevcf| 
varied  by  a  number  of  circumnanccs. 

The  vehifty  of  the  water  fpouting  from  a 
fmall  hole  in  the  bottom  of  the  vcflcl,  is  equal  to 
that  which  a  heavy  body  would  acquire  in  felling 
vertically  from  a  height  equal  to  that  of  the  fur- 
face  of  the  fiuid  above  the  aperture. 

The  fame  law  takes  place  when  the  hole  is  in 
the  ficie  of  the  vedel,  for  the  prelTure  of  the  fluid  is 
equal  (at  the  fame  depth  J  in  all  direflionsj  and^iiU 
confequently  produce  the  fame  velocity* 

The  fluid  in  ifluing  out  of  the  hole  gives  i 
velocity  fufficient  to  make  it  rife  verticaliy  to  i 
heicjht  equal  to  that  of  the  furface  of  the  Huid 
above  the  aperture  ;  in  the  fame  manner  as  a  body 
fall int^  from  a  certain  height  acquires  a  vdociry. 
fufticient  to  make  it  afcend  to  the  heignc  rroni 
which  it  fell. 

Fr«i 

*  The  writers  on  this  fubjed  feem  to  have  neglefied  a  le- 
volving  motion  in  the  water,  but  which  on  making  further  ei- 
pcrimonis  they  will  find  worthy  their  attention.  ^Ifattlit 
bottom  of  a  vcflfel  oF  water,  an  aperture  be  made  for  the  fiuid  10 
cfcape,  it  will  revolve  about  the  aperture,  and  a|  fome.diftaaci 
fiom  it,  andefcapc  with  this  revolving  motion;  the  water'ruflNl 
ficzn  all  fides  in  concentrating  (hcam*  to  I'upply  tW  e^otiflid 
w^ite* 
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From  the  theory  of  falling  bodies,, it  is  plain, 
X  if  the  fluid  continued  to  move  uniformly  with 
:  velocity  it  had  acquired  at  coming  out  of  the 
le,  it  would  move  through  a  fpacc  equal  to 
ible  the  height  of  the  fluid  above  the  aperture, 
ilc  a  heavy  body  was  defcending  through  the 
le  fpace. 

The  height  being  the  fame,  the  velocity  of 
:  fluid  at  the  aperture  will  be  always  the  fame, 
I  this  though  the  fluid  varies  in  denfity ;  for 
>ugh  with  a  denfer  fluid  the  prelTurc  is  greater, 
:  mafs  efcaping  is  alfo  greater,  and  the  velocities 
equal  when  the  moving  forces  are  proportioned 
the  mafles  they  put  in  motion. 

The  quantities  of  a  fluid  proceeding  in  the 
le  time  through  difi^iprent  apertures,  each  aded 
>n  by  a  conftant  height  or  load  (fuppofing  of 
irfe  that  the  veflels  arc  kept  equally  full  during 
:  whole  experiment),  are  to  each  other  as  the 
du£l  of  the  areas  of  the  apertures  by  the  fquare 
t  of  the  heights ;  for  example,  it  has  been  proved 
experiment,  that  a  circular  aperture  of  i  inch 
meter,  in  a  thin  veflel,  gives  in  one  minute  of 
le,  the  water  being  four  feet  high,  5436  cubic 
hes  of  water.  To  know  what  will  be  nirniftied 
the  fame  time  by  an  aperture  two  inches  in  dia- 
tcr,  the  altitude  of  the  water  nine  feet,  ufe  the 
owing  proportion,  (obferving  that  the  aperture 
two  inches  is  four  times  as  large  as  that  of  one, 
aufe  the  areas  of  circles  are  as  the  fquarcsof  the 
meters)  as  i  X  |/4  is  to  4  X  \/9i  fo  is  5436  to 
or  as  2  is  to  12,  fois  5436  to  32616  cubic  inches 
vater,  the  quantity  that  will  be  furnilhed  by  an 
rturc  of  two  inches  diameter  from  a  refervoir 
3fe  fur  face  is  always  kept  at  nine  feet  from  the 


rture.* 
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^  The  meafures  fp^kpn  of  here  iur^  French. 
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differ  much  from  experiments^  it  may  be  ufeful  to 
yreferve  it  till  feme  better  method  is  difcovcred. 

The  quantity  of  water  flowing  through  holes 

iu  a  given  time  is  not  fo  great  as  might  have  been 

culturally  cxpcdted,  becaufe  the  water  docs  not  flow 

in  a  compaA  parallel  ftream,  but  contratts  in  dia* 

jneter  on  conning  out  of  the  aperture,  and   this 

contradlion  extends  to  a  diflance  nearly  equal  to 

half  the  diameter  of  the  aperture.     The  diameter 

of  the  contrasted  ftream  is  to  the  diameter  of  the 

aperture  as  3  to  4,  or  as  3  j-  to  4,  or  as  19  to  24,  iq 

that  it's  area  is  to  that  of  the  aperture  as  10  to  16  : 

It  is  nearly  the  fame  thing  when  the  water  flows 

from  lateral  apertures. 

This  contradted  ftream  is  a  proof  that  within- 
fide  the  veflel  the  lateral  particles  arc  directed  to- 
wards the  hole,  with  different  degrees  of  pbliquity^ 
which  obliquity  may  be  decompofed  into  twd 
forccB^  one  parallel  to  the  plane  of  the  hole,  which 
contradls  the  fluid;  the  other  perpendicular  to  the 
lame  plane,  which  occalions  the  efflux. 

This  contra(5lion  takes  place  alfo  when  water 
{)afles  through  tubes,  and  the  contraction  is  at  the 
entrance  of  the  water  into  the  tube,  not  at  it's 

¥)ing  out,  where  it  preferves  it's  cylindric  form, 
his  contraAion  diminilhes  fenfibly  the  quantity 
of  water  that  fliould  be  furniflied  by  the  tubes. 

To  afcertain  thcfe  facts,  M.  Boflut  made  a 

Frcat  number  of  experiments,  the  refults  of  which 
(hall  now  lay  before  you.  The  apertures  for  the 
efflux  of  the  water  were  all  pierced  perpendicularly 
in  plates  about  \  a  line  thick,  and  the  time  of  each 
topcriment  is  reduced  to  i  minute« 


Hhi^  The 


475     htcrv^u  oir  Nat  a  it  al  Pin  tosorar. 


The  water  was  Itfpt  con  flan  tly  at  eleven  fe^f   j 
eight  inches  tta  lines  from  ihe  center  of 
each  aperture* 


£xp, 


I .  With  an  horizontal  circular  aper- 
ture, 6  lines  diaraetcr 

3,  With  1  circular  horiEontal  aper- 
ture, I  inch  diameter 

3.  With  a  circular  horizontal  aper- 

turcj  a  inches  diameter     - 

4,  With    a    rectangular   horizontal 

aperture,  1  inch  by  3  lines 
|.  With  a  fquare  horizontal  aper- 
ture, the  fide  I  inch 
^.  By  a  fquare  horizontal  aperture, 
the  fides  2  inches 

Constant  Height  9  Fbet, 

7.  Lateral  circular  aperture,  6  lines 

diameter         _         -         - 
8p  Lateral  circular  aperture,  i  im:h 
diameter 

Constant  Height  4  Feet, 

^  g.  Lateral  circular  aperture^  6  lines 
diameter        -         -         _ 

fo.  Lateral  circular  aperture,  1  inch 
diameter        -         *         - 

Constant  Hpjoht  7  Lines. 

ji^  By  a  lateral  and  circular  orifice, 
I  inch  diameter     - 


92St 

3720J 

:oi8 

5436 
6aS 

pBDUCTIO 
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:DUCTI0NS   from    xkE   preceding  ExPERIMENXg. 

1.  ^be  quantities  of  fluid  di/cbarged  in  equal 
tesfrom  different  fized  apertures,  tbe  altitude  of 
'fluids  being  tbe  fame,  are  nearly  to  eacb  other  as 
f  areas  of  tbe  apertures. 

Thus  in  the  fecond  and  third  experiments  the 
as  of  the  apertures  are  as  one  to  four,  and  the 
ter  difcharged  9281  cubic  inches;  375103  is 
arly  in  the  fame  ratio. 

2.  Tbe  quantities  of  water  difcharged,  in  equal 
'les,  by  tbe  fame  aperture,  with  different  altitudes  of 

*  refervoir,  are  nearly  as  thefquare  roots  of  the  cor^ 
''ponding  altitude  of  tbe  water  in  the  refervoir  above 
r  center  of  the  aperture. 

Compare  together  the  eighth  and  tenth  expe- 
nents,  in  which  the  refpedtive  altitudes  of  the  re- 
voir  were  of  9and4ieet,  of  which  the  fquare  roots 

*  3  and  2,  and  you  find  the  water  difcharged  by 
s  firft  was  8135  cubic  inches;  the  fecond  5436 
bic  inches,  nearly  in  the  proportion  of  3  to  2. 

3.  That  in  general  tbe  quantities  of  water  dif^ 
irged  in  tbe  fame  time,  by  different  apertures  and 
der  unequal  altitudes  of  the  refervoir s,  are  to  each 
ler  in  a  compound  ratio  of  tbe  areas  of  tbe  apertures 
d  thefquare  roots  of  the  altitudes. 

4.  "i'bat  on  account  of  thefri£fion,  tbe  fmalleft 
ertures  dif charge  lefs  water  than  thofe  that  are 
^ger  and  of  a  fimilar  figure,  the  water  in  tbe  r^- 
^£live  refervoirs  being  at  the  fame  height. 

5.  THjdt  of  fever al  apertures  whofe  areas  are 
%al,  that  which  has  tbe  fmalleft  circumference  will 
^char^e  more  water  than  the  others,  the  water  in 

T  refervoirs  being  at  the  fame  altitude,  and  this  be-  - 
Life  there  is  lefs  friflion.     Hence  circular  aper- 
res  are  mod  advantageous,  as  they  have  lefs  rub* 
ig  furface  under  the  fame  area. 

It 
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^potciYe,  tfaat  the  quantity  of  wt- 
I  Ac  f^&egimag  experimenpi,  m  mi 
^   cnb^  cent  fide  nng  the 
^  ^  Ac  mititude  of  the  refer* 
'  is  dtmrnilhcdcc 
Tbf  Ebc  contradiun  i 
^   vftich  dqKndii 
rfrt  Ae  ic^iw  it  not  fcnfi')!;  altered^ 
l9CaKkM]|Cof  limtcT^  liippqjiflg 
rf  Ar  ftrnm  if  the  fcaic  wit 
;   2.  thtt  lius  ftrcam  b  cc 
B  i6CQ  fO:  in  odber  wcmb^  by  fuppofir 
Ac  wificc  n  br  dimmiiheJ  in  theprtHJ 
i4  m  n^  fofc  BBi-  daenDiQc  m  irh  l^f- 
•  «*»  of  pa^  (wm  rcBk 
2CC  wimiificd  ac  die  foj^r 
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If  :*e  »Kg,  rrifead  cf  flowing  through  an  ap<f 
t=^  r«rcii  ::i  xthtn  lubfbLnce,  pafles  through  drf 


f  X  iiiiticil  n:bc  of  the  iiine  diameter  as  ti^ 
ar.r:c-:rr,  Acre  is  a  much  greater  difchai^ge  of  iwu 
•tr.  Sr:i!:ie  tiie  coKixded  Itrcam  is  greater  In  thi 
Srf  :±fti25ce  dan  in  the  fecood. 

l:t  :h^  k^ovii^  experiments  the  conftani 
fcrsr^r  of  ±^  w  srcr  ia  the  rcfcr%x)ir  above  the  uppci 
apsrrr;^  oc  Ac  nbe  was  1 1  feet  8  inches  lo  linci^ 
li^e  dfei3Kt5Kr  of  the  tube  i  inch, 

TAtPatot 


alict  ^  tbm  ctrcuhr  MOlk»  gf 
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Different  lengths  of  the  tube  exprefled  in 
lines. 


Number  of  cubic 
inches  of  water 
difc barged  in  i 
minute. 


E^p.  I 

2 

3 


Lines. 


481 
.8| 


The  ftream  filling 
the  tube 

The  water  not  fil- 
ling the  tube 


12274 
12188 
12168 

9?8? 


You  fee  by  comparing  the  three  firft  experi- 
ments^  that  the  longer  the  vertical  tube  is,  the 
greater  is  the  difcharge  of  the  water,  becaufe  thp 
contrad:ion  of  the  ftream  is  lefs ;  it  is,  however^ 
always  fomcwhat  contradlcd,  even  when  it  appears 
to  fill  the  tube. 

By  comparing  the  quantities  of  water  difcharged 
in  the  third  and  fourth  experiments,  you  will  find 
the  two  difcharges  12168,  9282,  are  to  each  other 
nearly  in  the  proportion  of  13  to  10 ;  but  you  have 
feen;  that  the  water  difcharged  through  a  thin  aper- 
ture without  any  contraftion  in  the  ftream,  would 
be  to  the  fame  aperture  with  a  contraQed  ftream 
9S  16  to  10.  From  hence  we  may  conclude,  that 
the  altitude  in  the  re/ervoir  and  the  apertures  hing 
the  Jame^  the  difcharge  through  a  thin  aperture 
without  any  contra3ion  in  the  flream^  the  dtfcbargs 
through  an  additional  tube,'  and  the  difcharge 
through  a  Jimilar  aperture  with  a  contra£led  ftream^ 
are  to  each  other  nearly  as  the  numbers  16,  13,  10 1 
tbe/e  proportions  are  Sufficiently  exaii  for  pra^ice. 
Jience  you  fee  that  an  additional  tube  only  deftroyv 
jji  part  the  contradlion  of  the  ftrci^m^  which  con- 
3  traftioA 
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tradion  is  greateft  when  the  water  paflbl 
a  thin  aperture  from  a  large  refervoir. 

If  the  additional  tube^  inftead  of  being 
calj  or  placed  at  the  bottom  of  the  refervoir^ 
horizontal  or  placed  in  the  (idc^  it  vould  f 

gie  fame  quantity  of  water«  provided  it  was 
me  lengthy  and  that  the  exterior  aperture,  waii 
the  fame  diftance  from  the  furfacc  of  the  watcs>S 
the  refervoir. 

If  the  additional  tube  inftead  of  being  qrlii 
drical  was  conical^  having  it's  lai^fl  bafe 
the  refervoir^  it  would  dlfcharge  ja  greater  quanutfj 
of  water.  The  mod  advantageous  form  uiaccaa; 
be  given^  in  order  to  obtain  the  greateft  quantity  of 
water  in  a  given  time  by  a  given  aperture^  is  that 
which  the  ftream  aflumes  in  coming  out  of  thCt 
aperture ;  i.  e.  you  mud  give  the  tube  the  form  of 
a  truncated  cone^  Vkhofe  fmalleft  bafe  (houldbe. 
of  the  fame  diameter  as  the  aperture,  the  area  of 
the  fmall  bafe  (hould  be  to  that  of  the  larger  bafc 
as  lo  to  1 6,  and  the  diftance  from  one  bale  to  the 
other  (hould  be  the  fcmidiamctcr  of  the  largcft 
bafe  ;  and  the  cfBux  of  water  will  be  as  abundant 
as  it  would  be  through  a  thin  aperture  equal  to 
the  fmalleft  bafe,  and  where  the  ftream  was  not 
contradcd.  This  form  may  be  applied  where  it  is 
ncccflHry  to  obtain  a  certain  quantity  of  water  from 
a  river,  an  aqueduQ,  &c.  by  a  canal  or  lateral  tube. 
On  comparing  the  efflux  of  water  through 
additional  tubes  ot  diflercnt  diameters,  and  with 
diftcrent  altitudes  of  the  w  atcr  in  the  rcfervoirs,  the 
following  ri'fults  were  obtained  ;  the  additional 
tubes  were  two  inches  long,  and  were  vertical  an4 
placed  at  the  bottom  of  the  refervoir. 


Conftanr 
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Conflant  altitude  of  the 
water  above  the  tubes. 


Diameter  of  the  tubes 
exprelfed  in  lines. 


Mumber  ci 
K  ubic  inch, 
in  1  min. 


Ex. 


I 

2 

3 

4 

5 

6 


3  feet  10  in.^ 


2  feet 


7 

8 


6 )  Water  filling 
loi    the  tube 

.  ^  The  wat.  not 
>   following 
'^)    the  fides 

^-j  The  water 
I    filling  the 

,-1  The  water 
I    not  filling 
J    the  tube 


1689 

4703 


1293 
3598 


1222 
3402 


935 
2603 


It  follows  from  thefe  experiments,  i .  That  the 
dif charge  by  different  additional  tubes  ^  with  the  fame 
altitude  of  the  refervoir^  are  nearly  in  proportion  t9 
the  area  of  the  apertures^  or  to  the  fquares  of  the 
diameters. 

2.  That  the  dif  charge  of  water  by  additional 
tubes  of  the  fame  diameter^  with  different  altitudes 
of  water  in  the  rtfervoir,  are  nearly  proportional  to 
the  fquare  root  of  the  altitude  of  the  refervoir. 

3.  That  in  general  the  dif  charge  of  water  in 
the  fame  time^  through  dfferent  additional  tubes^ 
with  different  altitudes  of  water  in  the  fame  refer^ 
^oir^  are  to  each  other  nearly  as  the  produ£l  of  the 

fquare  of  the  diameters  of  the  tubes  by  the  fquare 
r§ot  of  the  altitude  of  the  refervoir s. 

So 
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So  that  the  efflux  of  MaterbyadditionaUubc^ 
follow  (amongfl  themfelves)  the  &me  taws  ai 
through  the  thin  orifice. 

I        The  following  taWe   was  formed  from  thi 
foregoing  experiments- 


Conftant     alei- 

Water  dif- 

VV»ter  d;f. 

1 ^ 

iW«erdir. 

ludc  of  the  wa- 

chirged in  one 

charged  in  one 

charged  duiinl 

ter  in  iho  rcfi^r- 

niin.  through 

min.  through 

one  minute 

^  voir  above  ilic 
.  iptriurc  ex- 

an  hole  1  inch 

in  additional 

ihrough  »  hioll 

dismeter,  the 

tube  of  1  inch 

one  inch  im 

preffcd  in  feet. 

ftrcamnotcon- 

diameter,    two 

meter,  with  w 

I 

trafled,  in  cu- 

inches long,  in 

con  trailed 

% 

bic  inches. 

cubic  inches. 

{lrea.111^  in  cubf 

IQChcSfr 

1    . 

43S1 

3S39 

272a 

% 

6169 

5002 

3846 

3 

7589 

6126 

47 '0 

♦ 

8763 

7070 

5436 

5 

9797 

7900    ; 

607s 

6 

10732 

8654 

6654 

T 

11592 

9i40 

7'*i 

» 

12392 

9975 

767a 

9 

I3'44 

10579 

8135 

.        1^ 

IJ855 

J II 5 1 

857+ 

1.      U 

HS30 

11693 

8990 

i» 

1 5 1 80 

J  2205 

9384 

»3 

15797 

12699 

9764 

1* 

'^3n 

13197 

10130 

H      1 

16968 

13620 

10471 

^^•> 

I 

1 


p» 


Of  Jets  d'Eau. 

Wc  are  now  going  to  cbniider  the  nature  iSt 
fountains.  There  are  few  things  that  give  nfiort 
pleafure  to  the  eye  than  a  diveriity  in  the  play  of 
t^Ater  from  a  fountain:  but  thefe  machines  giv6 
additional  pleafure  in  fultry  climates,  where  thc^ 
contribute  to  cool  the  air,  as  well  as  to  enliven  th* 
piofpecft.  With  us  they  are  chiefly  made  for  th^ 
pUrjpdfes  of  embellifhment,  for  here  the  air  is  feU 
dom  difagceable  from  too  much  warmth ;  and  if 
th^re  were  fountains  of  fire,  they  would  often  make 
<he  itiofl  grateful  ornament. 

Whatever  be  the  diredion  of  the  jet,  the  diC* 
charge  of  water  is  always  the  fame;  provided  that 
the  ajutage,  and  the  altitude  of  the  refervoir  abov^ 
thi  ajutage,  be  the  fame.  This  is  a  neceflary  con^ 
fecjutiicc  of  the  equal  prefTure  of  fluids  in  all  di- 
rectidris. 

Water,  fpouting  from  a  fmall  ajutage,  has 
fufficient  velocity  to  carry  it  to  the  fame  height 
as  the  water  in  the  refervoir;  but  it  never  attain^ 
entirely  this  height,  being  prevented  by  various 
tohcurring  caufcs.  Firft,  The  fridion  in  the 
tubes  betwceji  the  refervoir  and  the  ajutage. 
Secondly,  The  fridion  againft  the  circumference 
Of  the  aperture.  Thirdly,  The  refiftance  of  the 
ftir  to  the  weight  of  the  water  at  the  top  of  the 
tpOut;  for  this,  having  loft  it's  motion,  refts  oi} 
th6  I)art  below,  and  by  it's  weight  obftruds  the 
irtOtion  of  the  column.  The  refiftance  from  thi$ 
MUfe  is  fo  great,  that  the  jet  is  frequently  de- 
ftroyed,  the  rifmg  water  being   by  fits  and  ftart^ 

iyttfftd  down  to  the  very  orifice  from  which  if 
j>outs:  but  this  inconvenience  is  remedied,  if  you 
pve  the  jet  a  little  inclination;  for  then  the  par^ 
UclAl  which  have  loft  their  motion  upwards  do  noi 


^ 
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fall  back  as  before,  but  fall  off  from  the  reft,  aidj 
thus  do  not  incurhber  Ehc  riilng  fluid;  hence  fuel] 
jets  as  are  a  little  irK lined  will   rife  higher  tha 
tbofe  that  arc  vertical. 

When  the  ajutage  is  inclined  to  the  horizon, 
the  proiet^tile  force  and  the  gravity  of  the  water 
caufc  the  ftrcam  to  dcfcribe  a  parabola,  whofe  am- 
plitude is  greater  in  proportion  to  the  height  of  the 
refcrvoir- 

Whcn  the  ajutage  is  in  an  horizontal  diitc- 
tion,  the  jet  defcribes  a  fcmi-parabola* 

Jets  of  water  rife  higher  in  proportion  as  the 
aperture  of  the  ajutage  is  large;  becaufe,  i.  of  two 
jets  proceeding  from  the  fame  refervoir  with  equal 
v^locitieSjthe  largefl:  undergoes  I  efs  fridion:  2*  it  hat 
more  mafs,  andconfequently  more  force  to  overcome 
Obftaclcs,  But  though  a  large  jet  will  rife  higher  than ' 
a  frtiaU  ane»  it  does  not  difcharge  more  water  ;  for 
the  difcharge  is  as  the  produdt  of  the  aperture  bf 
the  velocity  at  the  moment  of  efBux;  and  this  velo- 
city is  the  fame  in  each^  fridion  not  being  confi- 
dered. 

In  order  to  make  large  jets  rife  higher 
than  fniall  ones,  the  conduit-pipe  muft  be  large 
enough  to  furnifli  a  fufficient  quantity  of  wa- 
ter; for  experience  has  Ihewn,  that  if  thefc  arc 
narrow,  fmall  jets  will  rife  higher  than  thofe  that 
are  larger*  The  diameter  of  the  conduit-pipe 
fhould  therefore  bear  a  certain  proportion  to  that 
of  the  ajutage,  in  order  to  make  a  jet  rife  to  the 
greatcft  pofTible  height.  If  you  compare  two  dif- 
ferent jets,  and  are  dcfirous  that  each  fhould  attaia 
it's  great  eft  altitude,  ibe  Jquares  of  tbe  diameter i 
qf  ike  conduit^pipes^  nmjl  he  ti>  each  other  in  tbe 
componrid  ratio  of  ibe  fquares  of  tbe  diameters  of 
the  ajutages^  and  the  fquare  root  of  the  altitude  ^£^ 
tbe  refervoir.  Thus,  if  you  know  by  expcriencfflB 
diatncter  t\\ii  oxi^i  to  \i^  ^\^^ti  to  a  conduit« 
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Of  Pumps. 

What  I  have  faid  to  you  concerning  conduit- 
pes,  the  efflux  of  water  from  different  apertures, 
:.  naturally  leads  us  to  confider  the  natureand  action 
pumps :  their  general  principles  were  explained 
you  in  my  Leisures  on  Air.  I  there,  however, 
ly  noticed  two  kinds :  I  fhall  now  bring  you 
[jiiainted  with  fome  further  varieties  in  their 
nftrudion,  and  notice  fome  circumftanccs  that  I 
fled  over  in  the  former  Ledure. 

Of  THE  Chain-Pump. 

Among  thefe  is  what  is  called  the  chain-pump. 
lis  is  generally  made  from  twelve  to*  twenty- four 
:t  in  length;  confifts  of  two  collateral  fquare  bar- 
.8,  and  a  chain  of  piilons  of  the  fame  form,  fixed 
proper  diftances  thereon. 

The  chain  is  moved  round  a  coarfe  kind  of 
leeUwork,  fixed  at  one  end  of  the  machine.  The 
:th  of  this  are  fo  contrived  as  to  receive  one  half  of 
?  flat  piftons,  and  let  them  fold  in,  and  they  take 
Id  of  the  links  as  they  rife.  A  whole  row  of  the 
[Ions  (which  go  free  of  the  fides  of  the  barrel  by 
ar  a  quarter  of  an  inch)  are  always  lifting  when 
?  pump  is  at  work;  and  as  this  machine  is  gene- 
;ly  worked  with  briflcnefs,  they  bring  up  a  full 
re  of  water  in  the  pump.  It  is  wrought  either 
one  or  two  hajidles,  according  to  the  labour  rc- 
ired. 

The  chain-pump  is  fo  contrived,  that,  by  the 
Dtinual  folding  in  of  the  piftons,  fl:ones,  dirt,  and 
laiever  may  happen  to  come  in  the  way,  may 
b  be  cleared  :  it  is  therefore  ufed  to  drain  ponds, 
vers,  and  remove  foul  water,  ij^  Y^Viich  no  otVvct 
mp  could  be  employed. 

lia  Ot 
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Tilde  arc  pnrunnric  as  vcU  as  tifdraUk  en^ 
gincs  Rod  are  ufually  divided  iiuo  two  kinds:  t, 
die  cmmmom,  f/mckimg  Pmmfi  a.  the  foiriiig  pump. 
The  nature  of  cheTe,  their  aAioii  and  opeotioii,  I 
Ihall  exfdain  by  thefe  ^a(s  models  i  tn  vihich  you 
vill  lee  the  motioii  of  the  piftoas,  and  the  play  of 
the  valves. 

Or  THE  CoMMOir  Pinrp,  J^.  t,  pL  3* 

I  have  poured  water  into  the  trough,  whkh 
trough  is  to  reprefent  the  well  from  which  ihr  wa- 
ter is  to  be  raifed.  There  arc  two  valvet  in  cMt 
pump:  one  (b)  at  the  upper  end  of  the  fniall  tube; 
the  other  (a)  on  the  moveable  pifton.  When  Ac 
pump  is  not  worked,  their  weight  makes  them  lie 
clofc  upon  the  holes  over  which  they  are  plscd. 
I  raifc  or  dcprefs  the  pifton  by  means  of  the  pifton- 
rod. 

Let  lii  now  commence  our  operation.  The  pifton 
being  pb*.  trJ  at  the  bottom  of  the  barrel,  beforcl 
bfi^in  10  V  j-rk,  1  raifc  the  pifton  from  the  bottom  to 
the  top  01  ihc  barrel;  which  makes  room  for  ihe-air 
in  the  pump,  below  the  pifton,  to  expand  itfelf. 
The  air  in  the  pipe  being  thus  dilated,  prefies  Ids 
on  the  fiirlace  of  the  water  within  the  pipe,  than 
the  atir^oiphcrc  docs  without  orv  that  in  the 
trough  ;  and  confcquenrly  the  water  rifes  in  the 
tube  till  the  prciuires  arc  equal;  that  is,  till  the 
air  within  is  jurt  as  denfe  as  that  without;  and  it 
will   there  remain  at  reft  between  the  two  equal 

iuires.     The  valve  at  the  bottom,  which  rwc* 
to  let  fome  ci  the  rarihed  air  into  the  barrdi 

falli 
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falls  down  again,  and  clofes  the  hole  at  the  top  of 
the  pipe. 

I  now  deprefs  the  pifton;  and  as  the  air  in  the 
barrel  cannot  get  baclc  again  through  the  valve  b, 
at  the  top  of  the  pipe,  it  will  raife  the  valve  in  the 
piilon,  and  fo  make  it*s  way  through  the  upper  part 
of  the  barrel  into  the  open  air.  I  raife  the  pifton 
again,  and  the  air  between  it  and  the  water  in  the 
lower  pipe  will  again  be  left  at  liberty  to  fill  a 
larger  fpace  ;  and  fo  it's  fpring  being  again  weak- 
ened, the  preflure  of  theatmofphere  will  force  more 
water  into  the  pipe;  and  when  the  p'fton  is  at  the 
top  of  the  barrel,  the  lower  valve  falls,  and  flops 
the  hole  at  the  top  of  the  pipe,  as  before. 

The*fame  effect  is  produced  by  every  ftroke, 
till  at  laft  the  water  in  the  pipe  reaches  the  bottom 
of  the  barrel.  Now  upon  deprefTing  the  pifton,  as 
the  water  cannot  be  forced  b:ick  again  through  the 
lower  valve,  it  will  raife  the  upper  valve  as  the 
pifton  defcends,  and  will  be  lifted  up  by  the  piftoji 
when  raifed  again. 

The  whole  fpace  below  the  pifton  is  now  full 
of  water ;  and  as  the  water  cannot  efcape  by  the 
lower  valve,  it  will,  on  my  deprefling  the  pifton, 
raife  the  valve,  in  order  to  let  the  pifton  down. 
When  this  is  quite  at  the  bottom,  the  valve  will 
fall  by  it's  weight,  and  ftop  the  hole  in  the  pifton. 
When  the  pifton  is  next  raifed,  all  the  water  above 
it  will  be  lifted  up,  and  run  out  of  the  fpout;  and 
thus,  by  alternately  raifing  and  depreffing  the  pif- 
ton, there  is  ftill  more  water  raifed;  which,  getting 
above  the  pipe  into  the  wide  part  at  top,  will 
fupply  the  fpout,  and  make  it  run  with  a  continual 
dream, 

Thus  you  have  feen,  that  at  ^y^rxS  ^^^^  ^  elevate 
the  pifton,  the  lower  valve  rir       ^tiA  ^W  u^^tt 
v^lve  falls;  but  that  every  titw^^*    leP^^J^  ^^  ^^^* 
ton,  the  lower  \'dhcfaf/s,  the  .5^^  \  ^^crijes  • 

^'3    %V.C«  ^'^ 
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Now  as  it  is  the  preflurc  of  the  air  of  the  at- 
mofphere  which  caufes  the  water  to  rife,  and  fol- 
low thepifton^  as  it  is  drawn  up;  and  as  a  column 
of  Mater,  of  thirty-three  feet  high,  is  of  equal 
weight  with  as  thick  a  column  of  air,  from  the 
earth  to  the  very  top  of  the  atmofphere;  therefore 
the  perpendicular  height  of  the  pifton  from  the 
furface  of  the  water  in  the  well,  mull  always  be 
lefs  than  thirty-three  feet,  otherwife  the  water  will 
never  rife  above  the  pifton.  But  when  the  height 
is  lefs,  the  prclTure  of  the  atmofphere  will  be  greater 
.  than  the  weight  of  the  water  in  the  pump,  and 
will  therefore  raife  it  above  the  pifton;  and  when 
the  water  has  once  got  above  the  pifton,  it  may  be 
thereby  lifted  to  any  height,  if  the  rod  be  made  long 
enough,  and  a  fufficicnt  degree  of  ftrcngth  be  ena- 
ployed  to  raife  it  with  the  weight  of  water  above 
the  pifton. 

The  force  required  to  work  a  pump,  is  as  the 
altitude  of  the  water  to  be  raifed,  and  as  the  fquarc 
of  the  diameter  in  that  part  where  the  pifton 
works.  Hence,  if  two  pumps  be  of  equal  height, 
and  one  of  them  be  twice  the  bore  of  the  other,  the 
largeft  v\lll  raife  four  times  as  much  water  as  the 
narroMcft,  and  will  therefore  require  to  be  worked 
w  ith  four  times  as  much  ftrcngth. 

The  widenefs  or  narrownefs  of  the  pump,  in 
any  other  part,  befides  that  \vhcre  the  pifton  works, 
docs  not  render  the  pump  either  more  or  lefs  dif- 
ficult to  work,  except  what  difference  may  arife 
from  thefrirtion  of  the  water  in  the  bore,  which  is 
always  greater  in  a  narrow  bore  than  a  wide 
one. 

The  pump-rod  is  generally  raifed  by  means  of 
a  lever,  whofc  longer  arm,  where  the  power  is  ap- 
plied, is  generally  .  five  or  fix  times  the  length  of 
the  ftiorccr  ann  ;  by  which  means  it  gives  live  or 
fix  times  :\s.  much  advantage  to  the  power. 

Mr, 
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Mt.  Fergufon  gives  the  foHowing  table  for 
the  dimenfions  of  a  pump  that  (hall  work 
given  force,  and  draw  water  from  a  givea 
J  the  handle  being  fuppofcd  to  incrcafe  the 
•  five  times.  It  is  alfo  fuppofed  that  one  man 
ork  a  pump  four  inches  diameter,  and  thirty 
Igh,  and  difcharge  27^  gallons  of  water  in  a 
c;  the  mcafure  being  that  called  Engli(h 
ineaTurc* 


Height    of  the 
I'uifwc    of  ihc 

Uiinuterof  (he 
hore  where  the 

Wilcr  dircharged 
ta  4  minute. 

»«II. 

pi  (Ion  worki. 

feet. 

Jnchei, 

GiiUf.  Pit. 

10 

^■9J 

81     6 

'S 

5.66 

54     4 

30 

4.90 

40     7 

25 

4-38 

32     6 

30 

4.00 

37     2 

35       ' 

3-70 

n  3    ' 

40 

3-46 

20  3 

45 

3-27 

18   1 

50 

3.10 

16  3 

55 

a.95 

H    7 

60 

2.84 

n   5 

65 

2.72 

12  4 

70 

2. 62 

"     5 

75 

2.53 

10    7 

80 

2-45 

10    2 

85       i 

2.38 

9     5 

90 

2.31 

9     • 

95 

2.25 

8     5 

100 

2.19 

8     I 

Ii  + 
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Now,  to  find  the  diameter  of  a  pump  thai 
fliall  raifc  w3LtCT  with  the  fame  eafc  as  a  man  can 
work  a  pump  thirty  feet  high^  with  a  four-inch 
borc^  look  lor  the  height  in  the  firft  column»  and 
over  againft  it,  in  the  fccorid^  you  have  the  dia* 
meter  or  width  of  the  puii^pj  and  in  the  third  you 
find  the  quantity  of  warer  which  a  man  of  ordinarf 
flrcngth  can  difchargc  in  a  miiiuie, 

Or  THE  FoKctNG  FvMp,ftg.  2^pL  3, 

It  is  fo  called,  bccaufc  it  not  only  raifcs  the 
water  into  the  barrel,  like  the  foregoing^  but  it  af- 
terwards foices  it  up  into  a  rcfcrvoir,  in  a  lofty 
fituat ion.  The  operation  and  nature  of  this  pump 
mill  be  evident  by  attending  to  the  working  of  this 
model,  fig.  2,  pL  3<  The  pipe  and  barn:l  are  the 
fame  as  in  the  other  pnnip,  but  the  piftoOj  G> 
is  folid,  having  no  valve,  fo  that  no  water  can  get 
above  it.  At  the  bottom  of  the  barrel  B  t 
pipe  MM  is  fixed,  and  at  right-angles  to  this 
pipe  a  ciftcrn.  or  air-vclFcl,  KK;  at  the  bottora  of 
the  air- vcflel  there  is  a  valve,  b;  from  the  top  a 
fmall  pipe,  OH  I,  is  inferred  fo  as  nearly  to  reach 
the  bottom  of  the  air-veflcl^  and  at  the  fame  time 
be  air-tight  at  top. 

I  fhall  now  begin  to  work  the  model,  that  you 
may  fee  and  comprehend  the  efFetll^s.  The  pipe- 
valve,  a,  rifes  when  I  draw  the  pifton  up;  but  falls 
down,  and  flops  the  hole,  the  moment  the  pifton  ii 
at  it's  greateft  height.  Now  as  the  water  whidi 
has  been  raifed  above  this  valve  cannot  get  back 
again  into  the  pipe,  but  has  a  free  paflage  by  the 
pipe  M  M,  that  opens  into  the  air-velfel^  it  is 
forced  into  this  vcflel  by  depreffing  the  pifton,  aod 
retained  therein  by  it's  valve  b;  which  ftiuts  th?^ 
fnoment  the  pifton  begins  to  be  raifed,  becaufe  j4^^ 

prcfitti; 


4^ 


On  Hydraulics.  489 

preiTure  of  the  water  ag^inft  the  under  fide  thcrcQf 
then  ceafes. 

The  water  being  thus  forced  into  the  air-veflel 
by  repeated  ftrokes  of  the  pifton,  has  now  got 
above  the  lower  end,  I,  of  the  pipe,  and  begins  to 
condenfe  the  air  in  the  air-vcflcl ;  for  the  air  has  no 
way  to  get  out  of  this  veflel,  but  through  the  tube 
OH  I  of  the  pipe,  and  is  prevented  from  efcaping 
this  way  when  the  mouth  of  this  tube  is  covered  with 
water.  It  is  alfo  gradually  more  and  more  con- 
denfed  as  the  water  rifes  in  this  veffel ;  till  at  laft, 
as  you  fee,  it  prefles  fo  ftrongly  upon  the  water  as  to 
force  it  up  through  the  pipe  O  H I ;  from  whencc^ 
it  fpouts  at  F  in  a  jet  to  a  great  height,  and  is  fup- 
plied  by  alternately  railing  and  deprefling  of  the 
pillon. 

The  higher  the  furface  of  the  water  is  raifcd 
in  the  air-veffel,  the  fmaller  is  thefpace  into  which 
the  air  is  condenfed;  and  confcquently  it's  fpring 
will  be  ftronger,  and  the  preliUre  greater  upon  the 
water,  which  will  be  thereby  driven  with  greater 
force  through  the  pipe;  and  as  the  fpring  of  the 
air  continues  to  adt  even  while  the  pifton  is  rifing, 
the  ftream  will  be  uniform  as  long  as  the  piftoA  is 
worked. 

The  valve  of  the  pipe  opens  to  let  the  water 
follow  the  pifton  in  rifmg.  Whilft  this  valve  is 
open,  that  of  the  air- veflel  is  clofed,  to  prevent  the 
water,  which  is  forced  into  the  air-veflel,  from 
running  back  by  it's  pipe  into  the  air-veflTel. 

The  efFed  of  this  kinj^  of  pump  is  not  li- 
mited to  raifing  water  to  any  particular  altitude ; 
iince  the  air's  condenfation  may  be  raifed  to  any 
degree. 

If  the  air's  condenfation  is  double  to  that  of 
the  atmofphere,    it's  elailic  force   will  raife  the 
water  to  about  the  height  of  thirty-four  feet^    If 
the  condenfation  bj:  increafed  three-fold,  the  alti- 
tude 
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tudc  to  which  water  may  be  raifcd  by  it  will  be 
about  twice  the  former  height,  or  fixty-eight  feet; 
the  altitude  of  the  raifed  water  beitig  increafcd 
thirty-four  feet  for  each  addition  of  unity  to  the 
number  which  exprefles  the  air*8  condcnfation. 

The  engines  ufed  for  extingutjhingfir€  are  upon 
this  conftrutition;  confilling  of  2  barrels,  by  which  ^ 
water  is  alternately  driven  into  a  clofe  air-vefleUfl 
The  forcing  the  water  therein  condcnfcs  the  air, 
which  compreffes  the   water  fo  ftrangly,    that  ic  h 
rufhesout  with  great  impetuofity  and  force  through  ■ 
a  pipe  that  comes  dow  n  into  it^  and  makes  a  con* 
tinucd  uniform  ftream  by  the  condenfation  of  air 
upon  it's  furiacc^ 


Of  De.La  Hirers  Pump,/^*  3,  pi,  3. 


) 


The  model  before  you  is  that  of  a  pump  in 
vented  by  M.  De  Li  Hire^  zvhUb  is  fi  confirutlei^ 
MS  to  rai/e  water  as  fafl  by  the  defcent  as  the  a/cent 
of  the pijlon.  As  before,  the  trough  in  which  the 
two  pipes  are  placed  reprefcnts  the  well :  one  of 
the  pipes,  B,  is  fitted  to  the  lower  end  of  the  barrel 
in  which  the  pifton  works ;  the  top  of  the  other 
pipe,  C,  is  fo  connected  with  a  fmaller  one,  as  to 
communicate  with  the  upper  part  of  the  barrel. 
There  is  a  valve  on  the  top  of  the  pipes  B,  C,  and 
alfoon  the  two  pipes  E  F,  which  proceed  from  the 
pump- barrel  into  the  air-veflel  P.  The  pifton  ia 
folid,  or  without  any  valve  or  opening. 

As  the  pifton  rifes,  the  air,  prcffing  on  the 
furface  of  the  water  in  the  trough,  forces  it  up  the 
pipe  B,  at  the  bottom  of  the  barrel,  and  fills  it  with 
water  up  to  the  pifton.  The  valves  e  and  s  lie 
clofe  and  air-tight  at  the  top  of  their  rcfpc<fli\c 
pipes  E  and  F. 

When  the  pifton  (lops  at  it*s  grcateft  height, 

ihc 
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^e  valve  at  the  bottom  of  the  barrel   clofes,   am 
prevents    the    water    from    being    forced    bac 
Hence,  as  the  pifton  is  dcprelfed,  it  forces  all  the 
water  in  the  barrel  up  through  the  lower  crooke^^H 
pipe  F^and  through  ic*s  valve,  into  the  air-vcflel.^B 

The  pifton-rod  moves  through  what  is  called 
a  collar  of  leather,  which  makes  it  air^tighr. 

During  the  defcent  of  the  pifton,  the  vah 
upon  the  upper  crooked  pipe  falls  down,  and  l\ 
prefTure  of  the  air  on  the  water  in  the  trough  raifej 
the  water  through  this  pipe,  C,  and  the  valve  at  lY 
lop  of  it,  which  is  opened  upw^ards  by  the  pow< 
of  the  afcending  water;  and  this  water  runs  int 
the  barrel  of  the  pump,  and  fills  all  the  fpac 
therein  above  the  pillon- 

As  foon  as  the  pifton  is  as  low^  as  it  can  ^. 
the  valve  at  the  end  of  the  upper  pipe,  D,  fall 
down  and  clofcs  it,  fo  that  no  v\ater  can  be  fprc< 
back  through  it.     As  the  pifton  is  raifed,  all  thi 
water  is  forced  through   the  upper  pipe  E,  and^ 
after  opening  it's  valve  Cj  into  the  air-veffel  P, 

Thus,  as  the  pirton  defcends,  it  forces  all  the 
water  below  it  up  the  pipe  F;  and,  as  it  rifes,  it 
forces  all  the  water  above  it  up  the  pipe  £;  fo  that 
there  is  as  much  water  forced  up  into  the  air- 
veflel  by  the  afcent,  as  by  the  defceot  of  the 
pifton.  The  air  is  com  pre  fled  in  the  air-veffel  as 
in  the  preceding  cafe  ;  and  the  water  being  equally 
forced  in,  rufiies  out  with  a  conftant  and  very 
nearly  equal  ftream.  It  is  evident,  from  what  we 
have  already  told  you,  that  the  top  of  the  pipe  that 
opens  into  the  upper  part  of  the  barrel  ihould 
never  exceed  thirty-two  feet. 
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Or  A  N  E W  11 A K  D»Ptf  W  n  I K  V  EK  TID  B  V  M  R <  W A LTtt 

TAViOR,  OF  Southampton,  ipimd  used  sr  lai 
RoVAt  Navy  of  GutAt  BmiTAiiif. 

Every  friend  of  mankind  muft  rejoice  onbc- 
ling  informed,  that  the  accidt-nrs  to  u  hich  iWps  thai 
ifpring  a  leak  ar   fea  were  liable  from   ihc  impcr* 
Vfeftions  of  ihc  chain- pump,  arc  happily  removed 
^by    the    ingCBious   contrivances    ol    Mr.    fialtef 
TayUr,  of  Southampton,  \^tll  known   for  his  me- 
chanical  abilities ;   which   in  other  iniUnccs,  is 
»VcU  asthis^  have  p|-ovcd  equalJy  beneficial  to  him- 
fcif  and  his  country.     It  feems   rather  furpriting 
that  the  common  pump,  whofc  effects  are  fo  well 
known,   fhould  have  remained  for  centuries  ina- 
dequate to  the  purpofcs  of  the  navy.     The  mc- 
chanifm  adapted  by  Mr.  Taylor  is   fo  importanr, 
and,  in  various  particulars,  fo  different  from  what 
is  in  general  applied  to  the  common  pump,  that  it 
may  with  great  propriety  be  confidcred  as  a  new 
invention. 

Mr.  Taylor*s  pumps  have  been  in  general  ufc 
in  the  royal  navy  tor  five  or  fix  years :  they  have 
anfwered  every  expertatipn  he  firfl:  formed,  though 
he  has  made  many  improvements  on  them  during 
that  period.  Here  are  three  figures,  which  will 
give  you  a  general  idea  of  thefe  pumps;  thejr 
were  copied  from  drawings  which  were  kindly 
communicated  to  me  for  this  purpofe  by  M^^* 
Taylor.  Fig.  4,  />/.  3,  is  a  fecMion  of  one  of 
Mr.  Taylor's  pumps,  of  a  fimple  confiruclion. 
The  pillon  is  rcprcfented  as  defcending  in  a  cham- 
ber properly  adapted  thereto.  At  a  and  b  you  have 
i^  view  of  Mr.  Taylor's  pendulum  valves;  which, 
from  their  form,  difengage  themfelves  from  chips^ 
gravel,  land,  &c.     The  pifton  is  alfo  fo  contrived, 

that 
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that  no  chips,  gravel,  or  fand,  can  get  between  the 
leather  and  lower  part  of  the  pifton  ;  to  both  which 
dcfedls  the  former  conftruftions  were  liable.  Fig^ 
7  is  a  feparate  view  of  the  pendulum  valve. 

^^S'  3  reprefcnts  a  pump  working  with  one 
pifton-rod,  and  fig.  5  a  pump  working  with  two 
pifton-rods;  the  one  rifing  as  the  other  falls:  in 
fig.  4  and  5  the  rods  are  fuppofed  to  be  worked  by 
levers.  By  a  judicious  application  of  ropes,  to  be 
carried  on  either  deck,  (fee  fig.  6,)  Mr.  Taylor  is 
enabled^  where  men  are  plenty,  as  in  a  man  of  war, 
to  raife  any  quantity  of  water.  The  drawing  is 
taken  from  a  pump  with  a  feven-inch  bore,  and 
heaves  one  ton  per  minute  twenty-four  fcet  high, 
with  ten  men,  five  only  working  at  a  time.  One 
is  now  conftrufting  by  Mr.  Taylor  to  heave  five- 
tons  per  minute  twenty-four  feet  high.  The 
pumps  are  alfo  fo  conftrudled  that  a  copper  pump 
may  be  taken  out  of  the  wooden  cafe,  in  order, 
when  neccflity  requires,  to  make  two  pumps  foTf 
feparate  work. 

Of  the  Hessian  Pump,/^;.  7  and  %^  pi.  2.. 

ABC,  DE,  two  tin  veflels,  foldcred  together^ 
but  communicating  with  each  other  by  a  hole  a2> 
bottom.  The  larger  vcflel  is  furnilhed  with  a 
rim,  to  receive  the  water  thrown  up  by  the  cir- 
culating tubes,  and  convey  it  iato  the  veffel  DE. 
m,  n,  o,  p,  reprefent  four  tubes  of  metal, '  or  glafs, 
open  at  both  ends,  but  bent  at  top,  and  fixed  in  an 
angular  pofition  to  the  axis  K  LJ  When  in  their 
place,  the  extremity  L  of  the  axis  rcfts  upon  a  point 
at  the  bottom  of  the  large  veflel,  while  the  upper 
part  is  fteadied,  and  kept  in  a  vertical  pofition,  by 
paffing  through  a  hole  in  a  bar  going  over  the  large 
veffel  ABC. 

Fill 
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F.ll  :hc  ".i-rds  about  c«'o-chirds  withwatefp 
i:>i  tri-i":  rLuii  rhi-  :ubc>  circulate  rapidly  by  turn- 
1'^  '-" ::  'ii.':^e  S,  ir.d  the  rotatory  centrifugal  mo- 
:  :z  =...  jii.c  :hc  aiier,  and  difcharge  it  into  the 
.~£i^^  .^«il  DH,  zy  the  pipe  h. 

O-    VrT  ._  i    Pv'f?,    r>.   S,  r/.  3  ;   OR  AN  EVGINETO 

.c  lii  W  .rix  5v  MzAss  OF  Hair  Ropes« 

A  i^i  3  irj  ir.ree  hair  roprs  pafling  over  the 
r-.r.is  r  iri  i.  cuh  of  which  has  three  grooves. 
T>.;r  '.:*;r  r^'-i;-',  b,  is  immerfed  in  the  water^and 
;>  kcr:  ihircin  by  z  weight  fufpended  from  it. 
T-.-::';  ru'T  r?  z.:c  :umed  rojnd  with  great  rapidity 
b  ;'/^i:,r  c:"  :v.o  rvjiciplying  wheels,  one  of  which 
:^  :':^:-.  ::  G.  B;  :.:rn:ng  :he  pullies,  the  cords rc- 
>cl  ;r  il:>  w::h  ^rrvri:  rapidity,  and  the  afeending 
r.i^<  jirr*-  up  i  conidcrable  quantity  of  water, 
vr.jh  :'-j;  ^:/s:hir::j  wi:h  violence  into  the  rcfcr- 
\.*  :  H.  ::s?v:  v --r.jc  .:  is  conveyed  into  any  con- 
\:^.;^.:  r*.-;;:  /     :'-.  :    - -:  K  L.      The  ropes  Ihould 

T.".::c  i.-j  :■■  >  ■.:'::■■.>  r.-i::^h:ncs  at  Winds. 
T*":r  .:.r:'"*  :*'  :  *:  ■■^-.  rjrt  ».*::j  oi'rhjm  is  fixed 
:^  r.  •••:.-.■...'  :..:.  -.   ..:■■>  ^:.:ji;::::v  rt' water  raifed 


:.-  V :'  A  ir./i:i  :s  .-bout  nine  ffal 


\.\  zr.;:  :^i^.;'r..:u  V :"  :>.:  nioiion,  the  column 
ii'"*":'.r.^  :.vhe  ::v:  :£  :."  .\i;.i  '.::">  than  when  it  has 
been  vorkci  :'or  :.::r.L*  :::v.j,  ^:\d  continues  to  in- 
cn:a;*w  ;;11  :hc  i-r:c-;'.i:;:g  a.r  partakes  of  it's  mo- 


Or 
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f}w  A  SUPPOSED  ImPROVEMINT  OF  THE  COMMON 

Pump. 

In  the  year  1766  it  was  announced  in  the 
public  papers^  that  at  Seville,  in  Spain,  a  fimple 
fucking  pump  had  been  conftrudtcd,  which  ratfed 
water  fixty  feet :  and  they  concluded  from  thence, 
that  thofe  were  ftrangely  deceived  who  had  aflerted 
that  the  preffure  of  the  atmofphere  would  not  fup- 
port  a  higher  column  than  thirty-two  feet.  On 
examination  it  was  found,  that  an  ignorant  tin-* 
nmn  at  Seville  had  made  a  common  fucking  pipe 
with  it's  lower  valve  fixty  feet  from  the  furface  of 
the  water;  but  finding  he  could  raife  no  water  by 
it,  either  through  impatience  or  paiHon,  wiih  a 
llroke  of  a  hatchet  he  made  a  fmall  opening  about 
ten  feet  above  the  furface  of  the  water,  ana  which 
forced  a  fmall  quantity  of  water  above  the  lower 
valve;  the  reafon  of  which  I  Ihall  explain  by  a. 
diagram. 

Let  P  F,  j?f .  !,/>/•  3,  be  the  fucking  tube,  d  the 
Curface  of  the  water,  from  d  to  F  fixty  feet;  and  that 
after  a  certain  number  of  fl^rokcs  of  the  pifton  the 
water  was  raifed  thirty-two  feet  in  the  tube,  or  to  c: 
and  that  then  a  fmall  hole  was  made  at  ten  feet  from 
the  furface  of  the  wp.ter.  The  air  which  enters  this 
prefling  equally  Q\tty  way,  makes  the  water  which 
is  below  b  fall  down  into  the  well ;  while  the  pref- 
fure upwards  forces  the  water  up  thirty-two  feet, 
through  the  valve,  into  the  body  of  the  pump. 
But  this  is  not  all,  for  it  would  have  carried  it  to  a 
much  greater  height ;  for  the  air  near  the  earth  is 
above  eight  hundred  times  rarer,  or  lefs  denfe,  than 
water;  and  fuppofing  the  denfity  of  a  columa 
thereof  to  be  uniform  (which  is  not  the  cafe),  ten 
feet  pf  water  taken  away  would  be  equivalent  to  x 

column 
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colatnn  of  tight  thoufand  feet  of  atr;  futhat  thcrrj 
maining  t\^cnty-two  feet  would  be  in  equilibriura 
with  the  air,  after  being  raifcd  eight  thoufand  feet. 
To  have  a  fecond  portion  of  water,  the  hole  I 
mufl  be  topped  up,  an  J  the  piflon  worked  till  the 
uat^r  rifcs  toe,  and  then  rc-o^cn  the  hole.  In  the 
fifft  place  you  Icc>  thdc  this  pretended  difcoveryii 
fo  far  from  invah dating  the  principle  of  the  pret 
fare  of  the  air,    that  it    is  a  direft  confequcnce  j 
thorcofi  fccondly,  that  even  to  make  itanfwcraLJ 
all.  It  is  ncccflary  that  the  pipe  be  very  fmall,  or 
the  cohimn  of  water  would  be  broke  to 
air  would 
rifcp 


pafa*   through^ 


•  Or  THB  Motion  of  Water  in  Conduit-Pipii. 

In  conducting  of  water  from  one  place  to 
another^  the  conduit-pipes  muft  be  longer  in  pro- 
portion as  the  places  to  which  it  is  to  be  conveyed 
are  more  diftant  from  each  other.  In  the  addi- 
tional tubes  heretofore  fpoken  of,  I  took  no  notice 
of  fridion,  as  in  the  cafes  then  under  confideratioa 
it  was  fcarcely  fenfible.  In  long  tubes  it  is  dif- 
ferent; the  fridion  of  thefe  Icflens  confiderablf 
the  velocity  of  the  water. 

On  this  head  I  can  only  relate  to  you  the  refulC 
of  various  experiments  that  have  been  made;  which 
it  is  impoflible  for  us  to  repeat,  as  they  require  noC 
only  a  very  large  apparatus,  ,but  conveniences  that 
are  Only  to  be  procured  by  thofe  whofe  intereft  ia 
cohcerned  in  the  experiments.  The  experiments 
of  which  I  (hall  give  you  the  refults  were  made  by 
Mr.  Boffut;  the  tubes  were  ftrait;  one  of  theiq 
was  fix  teen  lines  infide  diameter,  the  other  twq 
inches;  and  the  tubes  were  fucceffively  lengthene4 
from  thirty  to  an  hundred  and  eighty  feet.  The 
conftant  altitude  of  the  water  in  the  rcfcrvoir,  . 

abofa 
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X)vc  the  axis  of  each  tube,  was  in  fome  cafes  one 
wt,  in  other  cafes  two  feet.  This  is  a  branch  of 
l^droftaticsi  in  which  theory  is  neceflarily  imper- 
A,  and  the  only  means  of  arriving  at  truth  muft 
;  from  experiment. 


Conftant  alti- 

No. of  cubic 

Noi  of  cubic 

tude  of  the  wa- 

Diftance  to 

iiichcs  of  wjter 

inches  of  water 

ter  in  the  refer- 

which  the  water 

difch.irgcd  by 

difclurged  by 

voir  above  the 

waa  conveyed, 

the  tube  of  16 

the  tube  of  two 

aiisofthetnbe, 

etpaflied  in  ft. 

lines    diameter 

inches  diamcur 

cxprefled  in  ft. 

--. 

in  a  minute. 

in  a  minute. 

30 

2778 

7680 

6o 

1957 

5564 

90 

1587 

4534 

120 

1351 

394+ 

.150 

1178 

3486 

180 

1052 

3"9 

2 

30 

4066 

11219 

2 

60 

2888 

8190 

2 

90 

2352 

6812 

2 

120 

20tl 

5885 

2 

150 

1762 

5232 

2 

180 

1583 

4710 

fiy  comparing  this  with  the  table  in  page  47  S^ 
u  will  find  that  the  difcharges  of  water  there  arc 
jch  greater  than  the  correfponding  ones  in  the 
efent  table,  and  that  the  discharge  is  Icflened  as 
e  tube  is  lengthened,  becaufc  there  is  a  greater 
bbing  furfacCi 

"Wms  may  alfo  notice  that  the  dimiiiutioil  in  the 
fchavge  is  not  in  proportion  to  the  length  of  the 
be;  for  the  firft  thirty  feet  diminifhes  the  dif- 
arge  much  more  than  the  fecond  thirty  feet,  and 
e  third  lenjgth  of  thirty  feet  diminiflics  ftill  lofs 
the  difcharge,  and  fo  on. 

Vol.  IIL  K  k  Ytqvtv 
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r-L. 


r  - :  n-  :  - :  fc  eir^erirritnts  it  appears,  that  gral 
-:-:;.  :  r.::  r.-wr:7in-  inpracricc;  and  pcrhipi 
r:z;  i::r:,  :':ri  rer.crai  rule,  fkjt  :he  dijcbarp 
f:.:.  :.  ..-:-  j-:  i>:r:z:KSjI  tui^f,  litbtbf 

f  '.-  :  J :.  •  ;:.•-:•  /' ;::-  ;:.fr.f,  srf  to  escb  iiber 
:r  :.:'  :-.::'^*r-  "j::;  :j  :iz  jqusre  rc::scfthi 


1  :-- 


'le  i.fjhi'jTe  is  rr.cre  in  proportion  from  the 
:ir  :-"re  :h-r.  frcr.\  the  fnr.allcr  one;  becaufe 
r^  :*  -cfi  r-bbir^g  iariace  in  proportion  in  the 


-.  I.---    --. 


are  cuncd,  inftead  of  being 
n::.  ihs  cifv-h^rz-  ^■*.-l  i>c  fomeuhat  diminilhcd. 
"r  r  .:.:::--:. :r  :r.  ihi.  Jifwh^rge  appears  toarifc 
:'  :::  ;-  .w::  M':r.e  \%:L:er  againit  the  angular 
:  :f  :"  :-.  :->:,  vrcr^bv  ::'>  \c!oc::y  i- dimu 
'I'r.:  j.:v  --:.:n  \  .'.[  ihcTeibrc  \arvvi:b 


1 


>. 


'v  r..:*  :"-.  r".--..  vi:  :hc  c::r%2:urc  of  the  rjbc 
-  -..::. -i.  j.rL>:.:r;,  :r;.rc  v.:!;  be  poriionsot 
.":'.-  V  -  :rc  :'~..-  u.t  v*:!!  r.x  irfcli",  fo  :is  :o  Icffcn 
..;:.:■  ,  vT  ;:-.ir.  :-.-.">  :hc  ccurfe  of  rhc  \vatcr. 
\  I:  -^  r  i£,  ■ . .  Cr,  r  .  :,  're  2  :ubc,  w  hofe  jppcr 
.\.  15   ..  .n..:  :    :!'^  r..V:%.-.r  :hat  fiirnilhts  the 

-.  ^^-  I".,  e:..'.  ."•   ■  /..."I  :!.w  :v:-.;:^:.::n  i-  fupplicd. 

..'  :^.  :  .-•  .."i.-i^. ::  ^:  A  ::  V  i-.n^J,  thctubc 
. .-.  .  .:  •    .    :   :".:.  *  ..iwr  \. ./.  -':'.'.  :i.c  :i:bc  AH, 

.  . ..:  :r.  -.:  :-.:.:*:o:r,  :..:.:  :'.'.•  :o  C.     Here 

.u.   /..-•  .".  .    r,  :.::  :'..c  ^aicr  r..r.s  do\\n 

.:;-.-:    .:':•-  .       ...re,   .r\A   Ji-lsiiptbe 

.  P.   ....'•  :.^  r^.".::..  .:  :  .j  ^\!/.r:.r*  o:  :\\r  CD; 

.  .  .  .,,...%'        'I'l-..  «■  -     ..    ■  •*•■ 

:  .  :...-.  r,  !j..'. -rj  :"c  iVvC::J  coI..n-;n  l:  :.: 
'  .  ."  ::-a:  :':j  v..'.:.r  v.  .;i  be  cr.iv  r.i:k\itoI, 
• .  \  r^t  r-n  .'..:  ~:  L-. 
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Of  the  Syphon* 

Though  I  treated  of  the  fyphon  in  in  early 
ftagc  of  thefe  Ledurcs,*  as  the  account  there  given 
docs  not  fcem  fo.corredl  as  that  given  by  a  late  au- 
thor,! I  ^2ill  here  endeavour  to  ftate  jvith  greater 
iccuracy  the  principle  on  which  it  adls. 

hfypbon  is  an  inftrument  ufed  to  decant  fluids, 
or  convey  them  from  one  place>  over  an  obftacle 
that  is  higher  than  their  furface,  to  another  that  is 
lower.  It's  form>  as  you  have  feen,  is  exceeding 
iimplej  being  nothing  more  than  a  crooked  tube* 
It's  eflfedls  are  accounted  for  from  the  gravitation 
of  fluids  of  difitrent  weights,  one  upon  another. 

If  one  leg  of  a  fyphon  be  immerfed  in  a  vefici 
of  water,  and  the  other  leg  hang  out  of  it,  in  fuch 
manner  that  the  lower  end  be  below  the  furfacc  of 
the  water,  on  opening  both  the  orifices  at  the  fame 
inftant,  the  water  will  be  found  to  flow  out  at  die 
lower  orifice,  till  it's  furfacc  has  funk  down  to  the 
orifice  of  the  leg  in  the  water. 

Now,  on  examining  this  experiment,  you  will 

find,  that  the  columns  of  air  prcliing  on  the  two 

equal  orifices,  difler  from  each  otiier  in  length 

only  by  the  perpendicular  dijlance  Irtvreen  the  fiir^ 

face  of  the  'Wiitcr^   afui  ibe  borizoutal  plane  of  ihe 

lower  orifice  of  the  fyphon ;  which  Ipacc,  compared 

with  the  whole  height  of  the  atniorphcre,  is  too  in- 

confiderable  to  be  taken  into  the  account ;  and  uc 

may  therefore  conchidc,  that  the  action  of  the  at- 

^mofphere  on  both  the  orifices  is  eqnaL 

W         Now  as  we  fuppoicd  rlie  tubes  full  of  water 

when  the  holes  arc  lirll  opened,  thefe  equal  prcf- 

^z%  of  ihc  atmofphcre  will  be  counteracted  by 

Kk2  '  the 
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the  weight  of  two  differ f  Hi  columns  of  water  i  < 
the  lhortcr»thc  other  in  thclongcr  leg  of  the  (f\ 
The  difference  of  the  force  of  thcfe  touni 
prclTurrs,  is  equal  to  t)ic  weight  of  a  coliiuwt 
water  whofc  hafc  is  equal  to  the  diameter  of  ti 
ftibe,  and  \*hofc  height  is  equal  tqthe  pcrpendki 
lar  hcighl  of  the  funaccof  the  water  from  the  oi 
ficc  of  the  longer  leg.  Now  rqual'  preflurcs  of 
attinofphere  will  be  countcradcd  by  unequal  forc 
of  gravitating  waters,  which  will  make  the  opfwiii^' 
prcfTurci  of  the  vertex  yncqual;  and  as  the  fopc- 
rior  weight  of  tWe  longer  column  carries  it  dow&- 
wards^  there  is  Icfjs  prciTure  on  that  fide  of  the 
vertex  ;  the  water  will  be  prefTed  forwards,  and 
eontinuc  to  flow,  till  the  v  ater  be  fallen  to  tl 
bottom  of  the  imnierfed  leg,  or  (if  it  be  the  langff 
leg)  as  low  as  the  end  of  the  flowing  one;  for  the 
dcfccnt  of  the  water  in  the  longer  kg,  by  it'&own 
gravirv,  would  leave  a  vacuum  in  the  tube,  if  rat 
immediately  fucceeded  by  other  water.  Ihii 
dcfcent  gives  the  atmofphere,  which  urges  the 
water  up  the  fyphon,  the  fame  power  to  a€l  as  if ic 
were  not  at  all  oppofcd*t  the  tiiuing  orifice. 

For  the  fame  reafon  that  the  atmofphere  urgM 
the  water  in  the  veflcl  after  that  which  defcends^  it 
would  f  II  (he  whole  fyphon,  provided  it  were  v<»d  . 
of  air;  and  by  fucking  the  air  out  of  the  fimller 
kind  of  thefc  inilruments  with  the  mouthy  through 
a  pipe  placed  for  that  purpofe  by  the  fide  of  ue 
ifl'uing  leg,  they  are  ealiiy  fct  a  running,  Jn 
larger  fyphons,  for  the  draining  of  pits,  quarrieSr 
ficc.  the  evacuation  is  effedled  by  a  pump  pbccdJ 
an  liJce  manner  at  the  ifTuing  end,  \ 

Of  the  Dijiitlers'   Syphon.      This   is  ufuallf 

aboi4 

^  For  if  you  fappoTe  the  atmofohere  more  thin  able  f» 
fuftain  the  water  in  each  leg,  it  will  at  tnefirft  ioftant  of  opening 
the  orifices,  prefs  their  refpcAive  contents  againft  oich  wiaril 
the  vertex. 
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about  an  inch  in  diameter,  and  three  feet  in 
length,  with  a  cock  fixed  into  the  iflbing  end.  To 
ufeit,  the  cock  is  (hut,  and  the  contrary  end  is  nut 
into  the  bung-h©ie,  till  the  liquor  reach  witiiin 
about  five  or  fix  inches  of  the  bend.  Then,  on 
opening  the  cock  pretty  quickly,  the  contents  flow 
out  of  the  fyphon  in  the  ulual  manner.  By  the 
jmmerfion  of  the  drawing  lejr,  the  liquor  is  pre- 
vented by  the  peut-up  air  from  riling  as  high 
within  the  fyphon  as  it  is  oii  th  ■  out'^klc  thereof. 
On  opening  the  cock,  trc  ambient  fluid  obtains 
power  to  raife  that  within,  th?  tube  to  it's  o^\n 
level;  but,  by  a  law  already  rxplaincd,  tiie  con- 
tained liquor,  before  it  nfes  as  high  as  that  of  the 
other,  will  haveacquircd  a  velocity  nearly  fufiicient 
to  carry  it  as  much  above  that  furface  as  it  was 
before  below  it.  Hence  the  fluid  flioots  over  the 
bend;  and  there  falling  into  a  tube  with  a  con- 
tracSed  orifice,  the  fyphon ^is  foon  filic  1,  and  of 
courfe  continues  to  flow  as  in  the  common  expe- 
riment. 

s*Gravefande*s  Syphon.  This  is  a  fyphon  for 
raifing  water  into  a  cittern  by  means  of  the  expen- 
diture of  other  water  through  the  outer  leg,  and 
ntay  be  applied  to  many  cafes  where  water,  &c.  is 
to  be  raifed  ten  or  twenty  feet,  and  where  you  have 
at  the  fame  time  water  fufficicnt  to  fiipply  the 
lower  refervoir.  This  fyphon  has  been  lately 
much  improved  by  a  very  ingenious  gentle- 
man.* 

Of  the  Vibratory  Motion  of  Water  in  a 
Syphon. 

I  have  proved  to  you,  in  the  Lcc'hires  on  Me- 
chanics, that   the  vibrations  of  a   pendi:lum  arc 

K  k  3  i  foe  h rone 

♦  t'Cravcfandc's  Elements  of  Phil^fQphy,  vol.  i.  p,  235, 
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ifochronc,  or  of  the  fame  duration,  though  lis 
arches  it  dcrcribcs  areyncqual.  I  have  alfo  fticwa 
yoUi  the  duration  of  the  vibrations  of  two  uiiciiial 
pendulums  are  to  each  oihcr  m  the  fquare  mat  of 
their  refpeOivc  lengths.  The  motion  of  wttcf 
vibraLing  in  a  fyphon  follow.s  the  fame  hi\v$, 

To  ilhittratc  thU,  let   us  fuppofe  /^  o  o  s,  toj 
be  a  fyphon  confifung  of  three  parts,  or  legs;  tw<jj| 
in,  m  G, vertical,  and  one^  n  o^  horiMntal ;*and  thai  k" 
be  of  an  equal  diameter  throughout  it's  whole  extcm, 
Xct  m  further  fuppofe,  that  the  ftuid,  while  at  reft, 
occupies  the  fpace  a  nodt  the  two  furfaccs,  cjj?, 
€  4t  will  be  level-     Now  if  by  any  means  the  fiuid- 
be  forced  to  dcfcend  to  gb  in  the  leg  n  eJ,  it  wild 
rife  to  ef  in  the  leg/  «  j  and  as  foon  as  this  cauft 
ceafcs  toaift,  the  fluid  is  left  alone  to  the  action  uf 
it's  gravity.     The  cxcefs  in  length  of  the  cnlumo 
tn  over  the  column   brj^  will  force  the  fluid  to 
defccnd  even  below  the  level  of  the  other,  on  ac- 
count of  the  accelbratton  it  acquirer  in  deicending^p 
which  will  raife  the  fluid  in  the  other  leg;  and  it 
will  thus  continue  riling  and    falling  alcernatelf, 
forming ofc illations  fimilar  to  thofe  of  a  pendulum; 
and  the  dur^it'on  of  ca-  ^       ■'.  ^ition  will    !      ;r^- j 
cifely  the  fame  as  the  vibration  of  a  pendulosu  ' 
whofe  length  is  half  the  length  of  the  cahilW 
pq  r  of  the  fluid. 

As  the  ofciliations  of  water  follow  the  fame 
laws  as  thofe  of  a  pendulum,  if  the  length  of  the 
column  of  water  is  increafcd  or  diminilhcd,  ifec 
duration  of  the  ofciliations  will  be  alfo  augmented 
and  diminillied^  and  will  be  in  4  fubduplicate  ratkl 
pf  this  length. 

OscitiATORV  Motion  of  Waves,  . 

Newton^  in  his  Principia,  compares  the  undiii 
$ory  motion  pf  wav^s^  to  the  vibwtory  qn^ 
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In  a  fyphon.  Let  ABCDEF,/jf.  io,/>/.2,  reprcfcnt 
a  ftagnant  water^  w^hofe  furfaccis  elevated  and  de- 
prefled  by  fucceflive  waves.  Let  A,  C,  E,  be  the 
convex^  and  B,  D,  F,  the  concave  part  of  the  waves. 
As  waves  are  formed  by  the  fucceflive  afccnt  and 
defcent  of  the  water,  fo  that  thofe  parts  which  were 
the  higheft  become  the  loweft  alternately  and  fuc- 
cefllvely;  and  as  the  moving  force  which  makes 
the  loweft  parts  rife,  and  the  higheft  fmk,  is  the 
weight  of  the  elevated  water,  this  afccnt  and  de- 
fcent may  be  conlidcred  as  analogous  to  the  vibra- 
tory motion  of  water  in  a  fyphon,  and  obfcrvcs 
the  fame  laws.  • 

If,  therefore,  you  have  a  pendulum,  whofe 
length  be  equal  to  half  the  tranfvcrfal  diftancc  be- 
tween the  moft  convex  point  A,  and  tiic  moft  con- 
cave point  B,  that  is,  equal  to  tbj  halt  of  A  b  ;  the 
higheft  part  v.  ill  become  the  iowcil  during  the  vi- 
bration of  fuch  a  pt-ndulum,  and  in  another  vibra- 
tion they  will  become  the  higheft,  going  tiirough 
it*s  whole  fpacc  while  the  pCnviuluni  pcriornis  two 
vibrations.  And  as  a  penduiani  whole  length  ijs 
quadruple  the  preceding  one,  thit  is,  which  is 
equal  to  the  wiJth  A  C  of  the  v.  aves,  would  per- 
form b4t  one  vibration  while  the  otiier  perforrnecj 
two,  we  conclude  that  the  waves  perform  their  vi- 
brations in  the  fame  time  as  a  pendulum,  whofe 
length  n  equal  to  the  breadth  of  the  waves. 

From  hence  it  follov.s,  that  a  wave,  whofe 
breadth  is  3  feet  S-j©  lines  broad,  by  advancing  it'ii 
whole  breadth  in  one  fecond,  would  in  a  minute 
defcribe  183  feet  6  inches  10  lines;  and  in  an 
hour,  1 1 01 4  feet  2  inches.*  If  the  breadth  wati 
quadruple,  it  would  defcribe  the  breadth  in  dou- 
ble the  time ;  confequcntly  the  broader  they  arc, 
the  greater  fpace  they  defcribe  in  a  given  time. 

Kk4  In 

•  By  the  breadth  of  a  wave,  wo  mean  the  tranfverfc  fpacc 
A  C,  which  is  between  the  two  greateft  eicvauon\  or  that  ii  D^ 
bctwcca  the  utmull  deprci&un*. 
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In  the  foregoing  reafoning,  I  have  alTunKJI 
that  the  waves  role  and   fell   in  ftrait  lines;  }m\ 
this  is  not  exactly  true,  and  confequently  the  dcduc* 
tions  can  only  be  conlidercd  as  approxiniattom  to« 
wards  the  truth. 

Of  THE  Resistance  of  Fluids- 

One  of  the  moft  important  problems  in  hyAm- 
ftatics,  is  to  determine  the  refiftance  that  a  body  ia 
rnotion  meets  from  a  fluid  at  reft;  and  to  know  the 
cifbrt  neceflary  to  keep  a  body  at  reft  in  a  fluid  ia 
moiion. 

Water  and  air  are  two  of  the  great  inanimate 
agents  in  nature,  and  they  are  thofc  which  man  rrn* 
dcrs  moft  eaiilyfubfervient  to  his  purpofcs-  NeccfRiy 
fir  ft  pointed  out  the  iifc  of  thefe  agents,  aiid  en- 
gaged him  to  mvcftigate  their  properties.  In  tfiii  ' 
l-cfpcft,  however,  much  of  his  labonr  has  been  Ipcnt 
in  vain;  particularly  that  which  has  been  emplovedl 
in  the  rciolution  of  the  above-menciontwl  prohkins* 
Thefc  have  hitherto  evaded  every  rcfearch^  though 
they  have  engaged  the  attention,  and  exercifed  the 
talents,  of  the  greateft  mathematicians,  ■ 

I  have  flicwuyouj  by  niaay  iii£liince:>»  tliaCiki' 
philofophy  of  the  ancients  "wzi^  neither  fo  unrcsK* 
fonable,  nor  fo  limited,  as  it  has  often  bfeen  rcpic- 
fentcd.  It  does  not,  however,  appear,  that  they 
were  well  verfed  in  the  fcience  that  is  termed 
mixed  viatbematics^  or  mathematical  philofophy;  a 
fcience  which  confifts  in  the  application  of  calcu- 
lation to  the  phenomena  of  nature.  Among  the 
branches  of  this  fcience  which  they  have  the 
leaft  ftudied,  we  may  reckon  that  of  the  refift- 
ance  of  fluids  \  for  we  muft  confefs,  that  they  had 
obtained  fome  knowledge  thereof,  as  it  was  ncccf% 
fary  for  the  conftrudion  of  their  fliips,  the  prin- 
ciples of  building  which  they  had  carried  further 
^han  the  moderns.    .       ^  ^ 

Modern  m^thetnatigians  h^ive  imagined  thcMte^ 

'  ^^ 
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reliftancc  of  the  fluid  ;  much  here  will,  however, 
depend  on  the  form,  magnitude,  &c.  of  the  mov- 
ing body,  and  the  velocity  of  it's  motion ;  for  a 
greater  body  will  difplace  a  greater  quantity  of  the 
fluid  than  a  fmallcr  one,  every  thing  elfe  being  the 
fame ;  and  the  greater  the  velocity  wherewith  a 
body  moves  in  a  fluid,  the  more  motion  will  be 
communicated  thereto,  and  confcqucntly  loft  to 
the  body. 

There  is  another  caufe  of  rcfiftance  which 
arifes  from  the  teifiacity  of  the  parts  of  a  fluid ;  for 
as  a  body  cannot  move  forward  in  a  fluid  till  the 
parts  that  lie  before  it  are  remov  .d  out  of  the  way, 
the  adhefion  or  tenacity  muft  neccflarily  rcfift  it's 
motion. 

There  is  a  third  caufc  of  rcfiftance,  that  is, 
the  friction  of  t'^e  body  againft  the  particles  of  a 
fluid;  but  this,  froiii  t^c  nature  of  fluids,  is  deemed 
to  be  very  inconfiderabic. 

The  rcfiftance  will  alfo  depend  on  the  fluid's 
dcnfity,  every  thing  elfe  being  the  fame;  for  it  is 
manifcft,  that  it  will  require  more  force  to  dif- 
place a  given  quantity  of  mercury  than  the  fame 
quantity  of  water,  and  a  quantity  of  water  than  an 
equal  quantity  of  air. 

But  the  principal  rcfiftance  which  fluids  give 
to  bodies  in  motion,  is  fuppofcd  to  arife  from  the 
inertia  of  their  parts,  and  this  depends  on  the  ve^ 
locity  of  the  moving  body^  and  that  for  two  reafons. 
In  the  firft  place,  the  quantity  of  fluid  moved  out 
of  it's  place,  in  anydeterminate  fpace  of  time,  muft 
be  greater  in  proportion  as  the  body  moves  with 
greater  velocity  through  the  fluid.  And,  in  the 
next  place,  the  velocity  with  which  each  particle 
pf  the  fluid  is  moved,  will  alfo  be  proportional  to 
the  velocity  of  the  body ;  for  it  communicates  a 
greater  or  lefs  quantity  of  motion  to  each  particle 
\Si  proportion  to  the  velocity  of  it's  motion,  and 

will 
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will  therefore  be  rcfirtcd  on  rhis  account  alfo  in 
the  proportion  of  the  velocity.  Sine.'-  the  refin- 
ance which  anj  body  :nakc3  a.;iinit  bcrgput^in 
motion,  is  proportional  both  ro  the  juantity  of 
matter  moved,  and  the  ve'ojicy  it  i  irioved  with; 
but  as  the  rclllT-mce  of  a  fluid  is  as"  the  vc'o'.rty  of 
the  hody  rovi*.;:  thcrcir.  :i  will  be  doubly  in- 
creafcd,  i.  iiecaufc  the  iiiinibcr  of  p.irticrc.,  moved 
is  as  the  velocity  :'  cV.r.  -;.oving  body.  i.  liecaiifc 
the  refiftance  ariiing  from  a  given  number  of  par- 
ticles is  alfo  as  the  velocity  of  the  moving  body. 
Therefore  th**  rciiftance  is  conlidcrcd  as  being  in  a 
duplicate  prop  r:ion  of  the  velocity  of  a  moving 
body,  or  as  the  fqu.ire  thereof. 

A  cylinder  ipoving  in  a  fluid,  in  the  dircftion 
of  it's  axis,  is  rciiftcd  oy  a  force  equal  to  the  weight 
of  a  column  of  a  fluid,  the  bafe  of  which  is  the 
bafe  of  the  cylinder,  and  altitude  equal  to  the 
fpace  through  which  a  body  mud  fall  freely  from 
refl:  to  acquire  the  velocity  of  the  cylinder's  mo- 
tion. 

A  fphcrc  moving  in  a  fluid  is  oppofed  by  a  re- 
fiftance, which  is  to  the  force  which  refifts  a  cylin- 
der moving  in  the  dire<5lion  of  it's  axis  with  the 
fume  velocity,  in  the  proportion  of  i  to  2. 

Two  fuppofitions  are  generally  taken  for 
granted,  in  proving  the  propolkions  on  the  refift- 
ance of  fluids  :  I,  That  the  fluid  in  which  the 
body  moves  is  fo  comprcflcd,  that  it*s  prefTurc  on 
every  part  of  the  p  oving  bodies  Ihall  be  the  fame 
as  when  rh'\/  arc  ai  :ci\.  2.  That  the  hinder  part 
of  the  folids  Ci  nrribure  nothing  to  the  refiftance, 
which  will  be  tliv  .^ime  as  if  the  anterior  part  only 
were  expcfcd  10  the  {lijid.  This  laft  fuppofitionis 
not  admiflVolc,  for  the  hir.der  part  of  moft  folids 
contribute  to  kTun  the  refiftance  by  the  power  it 
receives  from  the  rcrurning  curves  of  the  fluid. 

The  theory  of  rcfiltanccs  oppoRd  to   bodies 

moving 
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moving  in  pcrfedt  fluids,  could  not  even  be  de- 
monftrated  by  Sir  1.  Newton  but  under  certain 
conditions  and  reftrid:ions. 

1.  The  particles  of  fluid  wherein  the  bodie9 
move  are  fuppofed  to  be  perfectly  non-elaftic. 

2.  The  fluid  is  im::gincd  to  be  infinitely  cpm* 
preflcd. 

The  fecond  condition  is  allowed  not  to  obtain 
in  any  fluid  whatfoevcr,  and  it  is  doubted  whether 
the  firfl:  is  ftridly  applicable  even  to  the  moft  per- 
fed  known  fluids. 

It  is  certain  that  the  refiftance  of  fluids"  de- 
pends on  the  cohefion,  tenacity,  and  fri<5tion,  as 
well  as  the  inertia  of  the  matter  rnoved ;  but  the 
illuilrious  author  of  the  theory,  here  flightly  touched 
upon,  conlidered  the  gcoinetrical  eftimation  of 
thefe  circumfl:anccs  as  of  no  ufe  in  phyfical  in- 
quiries. He  therefore  chiefly  noticed  the  proper- 
ties of  retardation,  which  bodies  fuflTcr  when  mov- 
ing through  fluids,  the  conciion  and  friction  among 
whofe  parts  were  m  a  phyfical  fcnfc  cvancfcent. 

The  Leftures  on  hydrolhitics,  &c.  like  every 
Other  part  of  philofophv,  fcrvc  to  fliew  >ou  the 
weakncfs  and  imperfection  of  human  knowledge, 
and  how  ignorant  we:uc  of  choic  fubjcdts  in  which 
we  are  deeply  intercftcd,  and  with  which  we  arc 
continually  engaged  ;  they  alio  fhew  us  how  long 
human  ingenuity  may  be  excrcifed,  without  im- 
proving the  fciencc  on  which  it  is  cxercifed. 
in  every  other  part  of  natural  fcicnce  new 
difcoveries  arc  made,  and  new  phenomena  arc 
brought  to  view,  which  cnlar^jre  the  boundaries  of 
knowledge,  though  they  convince  us  of  greater  ob- 
jects and  numerous  phenomena  that  remain  con- 
cealed from  our  oblervation;  but  in  hydrofl:atics 
and  hydraulics,  little  that  is  new  has  been  difco- 
vcred,  and  a  general  fl;ade  of  ignorance  fcems  to 
be  caft  over  the  whole  fciencc. 
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The  Ledures  on  hydroAatics  and  hydraulic^ 
clearly  fhcw,  that  thofe  modern  philofophers  err 
much,  '^  who,  in  zeal  for  the  honour  and  perfedion 
of  their  favourite  ftudy,  contend  that  almoft  every 
thing  in  phyiics  is  demonftrablc ;  not  confidering 
how  far  a  mathematical  conclufion  will  extend, 
and  how  far  not ;  and  forgetting  that  bypoibetical 
forces  will  afford  them  as  much  matter  to  work  on, 
as  thofe  that  are  real. 

"  To  make  a  fatisfadtory  progrefs  in  natural 
philofophy,  you  fhould  be  very  attentive  to  the 
nature  of  phyfical  truth.  Experiments,  which  arc 
the  bafis  and  fupport  of  all  found  philofophy^ 
though  chofen  with  propriety,  and  made  with  the 
utmoft  accuracy,  are  incapable  of  penetrating  into 
the  real  elfenccs  of  things.  They  can  only  inform 
the  fenfes  of  fome  of  the  apparent  qualities  of  bo- 
dies, and  enable  us  to  invefligate  fome  of  the.fe- 
condary  or  phyfical  caufes;  and  fometimes  they 
do  not  reach  fo  far,  and  we  learn  nothing  but  the 
bare  phenomena  or  effcdis/' 

Man  has  before  him  all  nature,  the  whole  world 
with  which  he  is  furrounded  for  the  object  of  his 
view,  and  the  fubjed  of  his  conlidcration  ;  but  his 
capacity  is  fo  circumfcribed,  his  knowledge  fo 
ftraightened,  his  powers  fo  limited,  that  he  can  by 
no  means  conceive  the  mcchanifm  of  fo  vaft  and 
complicate  a  ftrufturc.  No  experiments  can  lliew 
him  the  internal  frame  of  any  one  part ;  the  com- 
ponent elements  thereof  cfcape  his  fight  through 
their  minutenefs  ;  the  heavenly  bodies,  be  they 
ever  fo  large,  are  too  remote  for  his  introfpedlion. 

So  that  our  views  of  nature  are  like  the  map 
pf  an  inland  country,  wlicre  you  fee  rivers  without 
any  fources  continually  difcharging  their  watcu 
without  a  fca  to  receive  them ;  roads  that  you 
know  not  whence  they  come,  nor  whither  they  go; 
mountainSi  fprcils,  and  plainsj^  cut  off  in  the  mid- 
dle 
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die  by  tlie  marginal  lines  of  the  paper:  but  even 
of  chofe  things  which  we  know  well,  there  is  much 
that  furpaflcs  the  extent  of  our  faculties.  We 
know  the  fun  ftands  (lill,  and  that  the  earth  rolls 
round  him  with  inconceivable  rapidity;  yet  to 
think  of  the  (lately  fabrics,  the  fpacious  cities,  the 
.feated  mountains,  the  brimming  ocean,  and  the 
univerfal  quiefccnce  of  a  ftill  evening  rulhing  for- 
ward with  fuch  inceffant  impetuofity,  is  an  ideat 
too  unwieldy  for  our  imagination  ;  we  know  fire 
only  diffipates  but  does  not  deftroy,  yet  we  cur-^ 
rcntly  talk  of  it's  drying  up,  confuming,  and  de- 
Aroying,  We  know  matter  to  be  inert  and  fenfe- 
Icfs,  and  yet  we  afcribe  force  to  ftorms  and  inun- 
dations ;  adivity  to  fpirituous  Hquws,  and  drugs; 
inclemency  to  feafons;  kindlinefs  to  dews;  be- 
nignity to  vernal  gleams;  giving  bodies  thefe  and 
other  powers  belonging  to  ourfelves.  Thus,  where- 
cvcr  we  turn  our  vicv/,  we  find  in  fcience  noreafoa 
for  boafting,  no  founuacion  for  pride. 

This  vijiile  v/orld^  in   which  we  are  placed^ 
-when  carefully  viewed  and  examined  by  the  en- 
lightened  powers   of  the   human   undcrftanding, 
proclaims,  indeed,  the  power,  wifdom,  and  mercy 
of  the  eternal  Godhead.     Hi;,  invifible  glories  arc 
fomcwhat  reprtfentcd  to  us  by  the  things  that  arc 
ftcn;  the  ///;/  beaming  forth  light  and  life  to  our 
fyftcm,    proclaims  in  lanfUKigc   known  to  all  his 
Maker's  facrcd  glory,  whofc  power  fupplies  the 
never-failing  fountain  with  it*s  endlefs  heat  and 
light.     When  we   confidcr   the  great   and    wide 
ocean  as  carried  orderly  round  in  it's  daily  revo- 
lutions, how  are  v,e  allonitr.ed  at  the  power  that 
guides  the  trcuieiidous  niafs  ?  HqW  mighty  are  the 
\%ords  that  fay,  ''Thus  far  fli^^  tV^o^  S^  ^^^  ^^ 
firthcr?"     How    powerful     ^^       ^vvt\  tVvat    kec^^ 
within  bounds  it's  tumultu^    ^^    ^<V^\tv^^^ ^tv^"*^*^^ 
iJircas  it  in  the  beautiful  re.-^^^  N^    j  o^  vv^  oo>^*i> 
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Who  can  rtfmn  fraoi  falliiig  d^Wn  with  reveren- 
tial filence,  when  he  confiacis  the  magnikent 
IbuAure  of  die  luuTerfe?   Yec  how  fmaJl  i  pare, 
€i  the  great  things  arouiKl  m  can  be  taken  in  hf\ 
\aiir  limited  faculties?    We  fee  enough  to  furprifo 
iis»  the  great  vijSSie  effe£b  prockiEn  the  maje%  of 
die  iavifitie  caufe  i  further  than  this  they  ^  Q0l« 
dicjr  cam  not  ga 

No  other  ije  than  the  Diyinb  ia  equal  to  die- 
▼icw  of  nature;  and  no  wUmd  leia  than  that  of  the . 
GaaAT  Designer  ii  able  to  perceive^  with  perfeft 
cleanielsi  the  uniformity  of  the  delign  amidft  the 
vaft  variety  of  parts  tfaeic  are  to  outward  appeair 
ancc  fo  diffimUar  and  heterogeneous.  Thexe  b 
nothing  in  which  the  nature  of  man  prides  itfclf 
(b  much  as  in  fuperior  knowledge  and  wifdom ; 
and  yec  how  low  is  the  point  to  which  human 
knowledge  can  afcend  !  In  the  objecls  which  fur- 
round  us,  in  fubjecis  in  which  we  are  moft  nearly 
intereiled,  how  fmall  is  the  part  we  can  difcover! 
The  bcft  directed  and  moft  fuccefsful  rcfearchcs 
only  inform  us  how  little  is  known,  and  give  us  no 
caufe  to  be  (atisfied  with  the  difcoveries  they  have 
made. 
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"'HE  heavcnis  declare  the  glory   oJF  God,  ihd 

•  the  jRrmament  flieweth  hii^  handy  work. 

In  them  hath  he  fct  a  tabernacle  for  the  furij 
lich  is  as  a  bridegroom  coming  but  of  his  chahi- 
r,  and  rejoicerh  as  a  ftrong  man  to  run  a  race. 

His  going  forth  is  from  the  end  oF  heaven; 
i  his  circuit  unto  the  ends  of  it,  and  there  is 
thing  hid  froin  the  heat  thereof. 

Wnen  I  confider  the  heavens,  the  work  of  thy 
gers,  the  moon  and  the  (tars  which  thou  haft  or- 
ined,  what  is  man,  that  thou  art  mindful  of  him? 
the  Ton  tf  man,  that  thoii  vifitefl:  him  ? 

Praifc  ye  him  fun  and  moon,  praife  him  all  yc 
rs  of  light. 

Let  them  praife  the  name  of  the  Lord,  ifor  he 
umanded  and  they  m  ere  created. 

O  Lord,  how  manifold  are  thy  works  !  iii 
rdom  thou  halt  made  them  all. 

Tranfported  with  a  furvcy  of  the  \^ondcr$ 

lich  prefcnt  themfclves  in  heaven  above,  and  on 

th  below,  the  Royal  Pfahnift  breaks  forth  into 

exclamation  on  the  variety  and  grandeur^  the 

ribony  and  proportion  of  the  works  of  God. 

•  is  Itruck  with  the  awful  magnificence  of  the 
de  extended  firmaHncnt,  w  here  the/«;;,  that  foun- 
n  of  life,  and  heart  of  the  world,  thdt  bright 
der  of  the  armies  of  heaven,  is  enthroned  iii 
)ri6us  majcfty;  where  the  }fioon  Ihines  with  a 
\rt  borrowed  from  his  beaix\^    atnidft  a  multi- 
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(Udc  of  fiiining  orbs  differing  from  each  other  ii 
magnitwdle  and  fpkndor.  Thcfc^  though  thq 
have  neither  ipecch  nor  language,  yet  by  their 
fylendor  and  fnagnifictncci  their  motions  and  ihd; 
influences^  all  regulated  and  exerted  according  ti 
the  ordinance  of  their  maker,  do  in  a  very-  intelfi 

S*ble  and  ftriking  mannner  declare  the  glory  d 
od/  and  are  magnificent  heralds  of  their  imk 
praife. 

To  contemplate  thefc  fublimc  and  interefting' 
objciftB^and  to  explain  to  you  the  phenomena  whica 
lb  eminently  fignalize  the  celefUal  worlds,  is  t^c 
faufineis  of  the  Ledhires  on  Allronomy.     Of  the 
various  branches  of  fcicjice  cultivated  by  maxikijidi 
vftrommy  is  one  of  the  moft  important  and  mot 
vfcful  s  cnir  faculties  are  enlarged    by  the  grand 
ideas  it  conveys^  and  the  mind  is  exalted  above  iH 
contraQcd  prejudices  of  the  vulgar  and  illiterate. 
It  explains  to  you  the  laws  or  rules  that  gmcrn 
and  direct  the  motions  of  the  heaventy  hoft,  and  by 
which  the  Almighty  carries  on  and  continues th^ 
wonderful  harmony,  order, and  conne^Sion,  obferv- 
able  throughout  the  planctai;y  fyftem ;  it  CQublesus 
to  difcovcr  the  lize  of  the  planets,  and  determine 
their  refpedive  diftances.     By  the  knowledgede- 
rived  from  this  fcience,  we  difcovcr  alfo  the  bult 
of  the  earth,  and  afcertain  the  fituation  and  extent 
of  the  couiltries  and  kingdoms  into  which  it  is  di- 
vided ;  by  aiding  tho  navigator,  and  facilitating 
hi:}  palTage  through  the  tracklefs  ocean,  trade  and 
commerce  are  carried  oh  to  the  remoteft  parts  of 
the  world,  and  the  various  produ(5ls  of  the  fcvcral 
countries  arc  diftributcd  for  the  healthy  comfort, 
and  convenience  of  it's  diiferent  inhabitants. 

Ihere  can  be  little  or  na  occafion  to  excite 

youi 

*  See  Bifbop  Home's  more  thm  excellent  Commentary  on  tfat 
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aitention  to  the  wonders  continually  exhibited 

c  heavens;  the  magnificent  objefts  you  there 

lover,  forcibly  awaken  the  idea  of  their*  AutnoR, 

prcrenring  the  moft  ftriking  inftances  of  his 

cr  and  his  glory.     It  is  towards  heaven  you 

your  eyes,  when  you  look  up  for  afiiftancc  to 

infinite  goodncfs  and  power,  from  whom  alone 

an  be  received.     No  one,  indeed,   can    view 

immenfc  expanfc  of  heaven,  without  being 

ck  with  admiration  at  the  variety  of  bodies  ap- 

Imtly  in  motion,  with  which  that  expanfc  is 
itied  J  at  the  uniformity  and  regularity  with 
ch  they  fecm  to  move  from  one  part  of  the 
i^ens  to  the  otherp  always  keeping  within  a  cer- 
ain  limit,  and  pointing  out  by  their  different  fitua- 
ions  the  different  fcafona  of  the  year,  and  diffuling 
he  various  degrees  of  heat  and  light  neceffary  for 
J|C  prcfcrvation  of  animal  and  vegetable  life* 
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Of  the  various  phenomena  that  offer  them* 

Ics  for  your  obfcrvation,  the  moll:  obvious  is  the 
K^Ah  MOTION,  or  that  which  fcem^  to  be  com- 
I    to  the   whole  heavens,  and  which  is   com- 
iTetcd  in  twenty-four  hours. 

Of  the  moving  bodies,  the/«^/  is  the  firft  that 
ingages  our  attention,  not  only  on  account  of  hit 
ilmoll  infinite  fupcriorityover  the  reit,  bat  bccaufc 
Aour  owji  more  immediate  dependence  on  him. 
^otnnion  with  the  other  celcftial  bodies  he  has 
n  apparent  motion  from  eaft  to  wefV,  for  wc  lee 
«p  every  day  rifing  in  the  caft,  topping  the  (ky  as 
|lfrre  archways,  then  defcending  till  he  fets  in 
he  weft. 

you  confidcr  the  JJars^  you  will  find  thai 

Iter  part  rife  and  fct  every  day  ;  and  after 

L  1  2  ^<t?it 
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a  few  daijri  oUrrvatJon,  foo.  ^|^|«pqcI«s&  i 
ibn  have  a  nu>cion  comomi  10  all,  ^ 
Mf€  carried  round  the  cartbiii  34  ho^^ 

If,  in  order  to  coufidcr  .nofc-iBC^^^ 
circumftanceft  of  this  diwnai-iBotioii,  jottj 
yourfelf  in  an  elevated  fitusK]o%ftiii  will 
a  circle  terminating  your  view  00  aB  fidet  bf  1 
'meeting,  or  apparencmceting  of  the  heaven  mij 
earth  ;  your  day  and  night  drpcDd  upon  ii^  It  f 
bribes  to  every  ftar  in  heavea  the  nice  dm  it 
to  run,  and  bounds  your  view  fo  effc&ually 
you  can  neither  fee  whence  diey  lile,  or  whidifi] 
they  tend.    This  circle  is  called  the  T 


fides  the  heavens  into  two  parts  $  host  ihtf  ptit 
alone  which  is  above  the  horizon  is  vifibl^  anii 
this  part  appears  to  us  under  the  form  of  a  am- 
cave  hemiiphere,  it  is  ufuaily  teimed  the  vi0ii 

bcmifphere. 

On  confidering  with  attention  for  one  ormcm 
nights  the  motion  of  the  ftars,  you  will  find  each 
flar  dcfcribing  a  circle  in  abciut  24  hours*  thofc 
ftars  that  arc  moft  northward,  defcribc  fmallcr  cir- 
cles than  thofc  that  are  more  to  the  fouch  i  you 
will  find  the  circles  dcfcribcd  by  different  ftan  di- 
minifhing  gradually,  till  they  are  loft  and  con- 
founded in  one  point  that  is  called  the  pole  of  the 
world.     To  be  more  particular,  if  you  look  to- 
Mards  rhe  Ibuth,  you  will  obfcrve  fomc  ftars  juft 
Appearing  above  the  horizon,  grazing  this  circle 
hut  not  riling  above  it,  and  then  vanifhing;  ob- 
fcrve a  group  a  little  farther  from  the  fouth,  and 
you  will  find  them  rife  above  the  horizon,  making 
a  fmall  arch,  and  then  going  down;  take  another 
group  fiill  more  diftant  from  the  fouth,  and  you 
will  iind  thcfc  dcfcribing  a  larger  arch,  and  taking 
a  longer  time  to  go  down.     Turn  now  your  face  to 
the  north,  and  you  will  find  fomc  that  juft  Ikim 
he  horizon,  mount  to  the  top  of  the  heaven  and 

then 
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hen  defcend^  and  again  touch  the  horizon  and 
nount  again  without  ever  difappearing ;  others 
:hat  are  higher  than  thcfe,  dcfcribc  complete  cir- 
cles in  the  Iky,  without  touching  the  horizon,  and 
thefe  circles  diminifh  till  at  laft  you  arrive  at  a  ilar 
that  fecms  fcarce  to  move  from  the  point  where  it 
is  (lationed,  the  reft  wheeling  round  it;  and  you 
will  find  this  race  to  be  performed  in  about  24 
hours. 

To  form  clear  ideas  in  aftronomy,  it  is  neccf* 
(ary  for  you  to  learn  how  to  difcover  or  diftinguilh 
the  pole  of  the  world,  or  the  place  in  the  ftarry 
heaven  correfponding  thereto.  The  ftar,  you  have 
already  difcovered,  round  which  the  others  wheel, 
is  very  near  the  pole,  and  from  hence  has  been 
called  the  polar  jiar ;  it  never  departs  from  it's 
(ituation,  and  every  hour  of  the  day,  and  every 
fcafon  of  the  year,  is  to  be  found  in  the  fame  place,* 
uniformly  maintaining  it's  pofition.  Now  as  there 
is  one  ftar  motionlcfs  at  one  end  of  the  axis,  there 
muft  undoubtedly  be  fome  point  motionlefs  at  the 
other  end  of  the  axis. 

The  general  appearance  therefore  of  the  ftarry 
heavens,  is  that  of  a  vaft  concave  fphcre  turning 
round  two  fixed  points  (diametrically  oppoGtc  to 
each  other,  the  one  in  the  north,  and  the  other  in 
the  fouth)  once  in  24  hours. 

This  pole^fiar  is  more  or  lefs  elevated,  according 
Co  the  f>art  of  the  earth  from  which  it  is  viewed ;  thus, 
more  northward,  as  at  Lapland,  it  i$  much  more 
elevated  above  the  horizon  than  with  us.  If  yon 
go  fouthward,  it  is  lower  than  with  u:» ;  we  fee  it 
more  elevated  than  the  inhabitants  of  Spain,  and 

L  1  3  thcfc 

•  This  is  fpuke  in  conformity  10  the  appearance  of  the  ob- 
jcS,  for  though  this  remarkable  ftar  revolves  round  the  pole,  it's 
motion  is  fo  Qow,  and  the  circle  itdcfcribes  Co  fmall,  as  to  irndor 
bo^  the  revolution  aod  change  of  fituaiion  hsrdly  perceivable^ 


■tNa' 


Tmit^mwmr^ 


i-\thok  of  Bat 

CO  the  horii 
in  the  foudi] 
tors  in  that  [ 
vcr,  no  liar  \r\  i 
the  pole  as  thai  in  1 
to  cimvel  onwsLrdlo ' 
difappeaTi  and  rbe 
CO  mm  roojid  i 
die  northeiTi  hc0U- 
A^  pole-Ilar. 
VBf  "hp  proper  to  obfcncj 
y^'  ip  ithich  the  heaventy 
U  be  facd^  is  no  rc2J  Tub- 
icrc  furrounding 
_      reflcift  other  mys 
^«»  dun  Aofc  which  come  dU 
fim,  j//  Mrff  ^ihe  bea0ms\  even 
r,  ^nmUiedoft^  amdibejars  tevifiUea$ 
wmm.     Bot  as  oar  atmorphere  abounds  with  parti- 
cSes  capable  of  reflecting  light  every  way,  fomc  of 
it  will  tall  upon  our  eves  whitheHbvcr  they  are 
drrcdei ;  from  the  nature  of  this  refledion,  we  re- 
ceive tlie  idea  of  colour,  and  the  mind  immediately 
inngir^es  a  fubftance  wherein  it  may  refidc ;  in  the 
fame  marker,  the  regular  refleAion  of  light  from 
an  object  in  a  looking  glafs,  is  combined  by  the 
rrind  into  an  image  of  that  cAjeft.     Mr.  dc  Sauf- 
fjre,  when  on  the  tc^  of  Mount  Blanc,  in  Savoy, 
a  nKmntain  which  is  elevated  15673  feet  perpendi- 
c;:larly  above  the  fca,  and  where  confeqAently  the 
Anttofphcrc  muft  be  much  nurr  than*  our's,  fays, 
that  the  nxmn  (hone  with  the  brighteft  fplendor  in 
;hc  micjft  of  a  (ky  as  dark  as  eboriy^  while  Jupiter, 
raved  like  the  fun,  rofe  from  behind  the  mountains 
in  the  eaft. 

The  polar  ftar  may  be  difcovered  by  a  conti^ 

nual 
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nual  attention  to  the  motions  of  the  flars^  as  already 
defcribed ;  but  there  is  a  readier  method,  by  at-* 
tending  to  thofc  ftars  that  the  country  people  call 
the  waggon  and  horfes,  but  that  aftronomcrs  call 
the  great  tear.  It  coniifts  of  feven  very  confpi- 
cuous  ftars:  four  of  thcfe  make  a  kind  of  fquarc ; 
prolong  a  ftrait  line  through  the  two  Vvhich  arc 
fartheft  from  the  three  out  of  the  fquare,  and  it 
will  at  laft  reach  a  folitary  ftar,  which,  from  it's 
vicinity  to  the  pole,  is  called  the  pole  ftar.  In 
early  ages  mariners  had  no  other  guide  for  their 
wandering  veflel;  by  this  they  formed  their  ob- 
fervations,  and  regulated  their  voyage.  When  this 
was  for  a  length  of  time  obfcured  by  clouds,  they 
were  bewildered  on  the  watery  wafte,  and  knew  not 
where  they  were  advanced,  nor  whither  they  (hould 
fteer?  but  when  this  aufpicious  ftar  broke  through 
the  gloom,  they  re-aflumcd  with  alacrity  the  ma- 
nagement of  the  helm,  and  ftiaped  their  courfe  with 
tolerable  fatisfaftion  and  certainty.  It  may  be 
proper  to  obferve  to  you,  that  the  polar  ftar  is  al- 
ways on  the  fame  fide  of  the  fquare  with  the  ftar 
marked  «  on  the  ccleftial  globe,  or,  which  is  the 
fame  thing,  on  the  convex  fide  of  the  bear's  tail. 

Knowing  the  pole-ftar,  you  will  be  able  to 
diflinguifti  the  cardhml  point $^  the  rorih^  /cuih, 
eaft^  and  "weft.  i.  The  norths  the  fide  to  which 
you  are  turned  when  you  look  at  the  pole.  2. 
The/ou/h,  the  oppofite  fide,  or  that  in  whic  h  the 
fun  appears  in  the  middle  of  the  day.  3.  The  eaft, 
tha(t  fide  on  which  the  fun  appears  to  rife.  4.  The 
weft,  that  fide  on  which  the  fun  feems  to  fet.  .  The 
caft  is  on  the  right  hand  when  you  look  at  the  pole, 
and  the  weft  on  the  left.  The  eaft  and  weft  points 
arc  placed  exadlly  at  equal  di fiances  (or  at  right 
angles)  from  the  north  and  fouth. 

The  ancients,   in  Homer's  time,  divided  the 

fiorizon  into  four  cardinal  jx)ints;  afterwards  they 

]^  1  4  reckoned 
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reckoned  twelve;  but  in  Pliny's  time  the  commoi^ 
divifion  \\as  iniv^  -is^t  points.  The  earlieft  divi- 
lion  know  i\  to  the  ancients  being  the  four  cardiaa\ 
points,  catt,  weft,  north,  fouth,  winds  we.e  laid  t(X 
blew  from  that  point  to  which  they  were  ncareft. 
Thus,  the  eafi  *i::ipiJ  '  faid  "  to  h:\vc  brought  the 
locuhs  in  Kgvpt,"  though  it  uas  probably  a  notth- 
call  wind.  The  horizon  is  now  rubdiviucJ  into, 
thirty-two  points,  which  are  ufually  termed  the 
fnints  cf  ibe  ccmpafs ;  becaufe  the  compafi  ihcw^ 
in  what  part  of  the  conipafs  thcfe  points  arc  fituatcd. 
In  cohlldcring  the  heavens,  aftrononiers  find 
;t  neccflary  to  fpeak  of  a  point  fuppofcd  to  be  di- 
rcftly  over  our  heads,  and  this  point  they  caU 
the  zc'f.'iib:  it  is  the  point  where  the  thread  of  a 
pIutuhJ.i}:e  would  meet  the  heavens,  were  it  fufS- 
cicntlv  extended. 

The  zc;:i/b  being  the  mofl  elevated  point  of 
the  heaven.^  is  always  ninety  degrees,  or  a  quarter 
of  a  circle,  from  every  part  of  the  horizon.  If  a 
rtiir,  therefore,  be  found  fixry  degrees  above  the 
horizon,  it  will  be  thirty  degrees  Ironi  the  zenith; 
becaufe  fixty  and  thirty  make  the  ninety,  that  is, 
tkn  dillance  from  the  horizon  to  the  zenith.  In 
future,  therefore,  I  may  fay,  that  the  height  or  alli- 
titdt'  of  a  (lar  is  the  complement  of  it's  d.illance  from 
the  zenith,  becaufe  ibe  complcmcrA  'J' an  arcb  is  zi'IkU 
it  \:\rnts  of  ninety  degrees. 

The  nadir  is  the  lowed:  point  of  the  cclcftial 
Iphcre ;  thi^t  w  hich  is'  directly  under  our  feet,  or 
oppolite  to  the  zenith,  and  towards  which  the 
plumb-line  direds  itfelf  by  it's  natural  gravity. 

The  zenith  and  nadir  bcini;  direcily  oppoful 
to  each  other,  if  you  conceive  a  circle  making 
rhe  whole  :our  of  the  heavens,  and  paifing  throi:i;h 
the  zenith  and  nadir,  there  will  be  one  hundred 
nnd  eighty  degrees,  or  a  femicircle,  tin  each  tide. 
Al!  ci'cles'.palling  thiough  the  zenith  and  nadir  arc 
"^      *  calle.J 
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piled  vertical  circles^  becaufe  the  line  through 
Vhich  a  plumb-line  pafles  is  called  a  vertical  line. 
*rhe  altitude  of  ohjecb  above  the  horizon  is  eftU 
inated  by  thefe  vertical  circles. 

Whenever  you  confider  the  heavens  from  anjr 
devated  fituation,  you  naturally  conceive,  that  as 
%hf^Te.  is  a  hemifphcre  above,  there  is  alfo  another 
beneatha  though  invifible;  and  that  of  courfe  the 
horizon  is  a  great  circle  of  the  fphere,  dividing  the 
concave  heaven  into  two  parts,  the  viliblc  above, 
the  invifible  below;  and  confequently  that  this 
circle  determines  the  rifing  and  fetting  of  every 
peleftial  body. 

The  earth  being  (as  I  (hall  hereafter  prove  to 
you)  a  fpherical  body,  the  horizon,  or  limit  of  our 
view,  muft  change  as  we  change  pur  liiuation;  every 
place  upon  the  earth,  every  particular  obferver,  has 
a  different  horizon.  Thus,  to  an  obferver  placed 
at  a,  fig.  2,  pL  3,  the  horizon  is  C  C ;  but  if  he  re^ 
moves  to  B,  his  horizon  will  be  H  D. 

As  one  pole  fuppofes  another,  the  fouib  pole  is 
dircdily  oppofcd  to  the  other,  and  as  much  below 
the  horizon  as  the  north  pole  is  above  it :  the  north 
pole  at  London  is  about  51**  30'  above  the  horizon. 
Thefe  two  poles  are  the  extremities  of  a  line  going 
from  one  to  the  other,  through  the  center  of  the 
earth.  This  line  is  called  the  axis  of  the  world  ;  it 
is  about  this  line  that  the  whole  heavens  feem  to 
turn  every  day. 

Knowing  the  two  extremities  of  the  axis,  it  is 
fafy  to  conceive  a  wheel  or  circle  in  the  middle, 
between  the  two  poles  or  extremities,  and  this  will 
be  the  equator.  To  underftand  this  more  clearly^ 
I  muft  refer  you  to  a  diagram.  Let  H  P  Z  E,  fig. 
5»  />'•  3f  reprefent  a  vertical  circle,  pafling  through 
the  two  poles,  P  the  north  pole,  R  the  fouth  pole, 
^  K  the  axis  of  the  world  ;  then  the  line  E  Q  will 
icDrcfcnt  the  diameter  of  the  equator,  or  of  a 
*  circle 
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into  four  parts;  one  from  the  time  of  their  rifin 
to  their  arrival  on  the  nieridiiri;  from  this  to 
fefting;  thence  to  their  reaching   the  loucr  merf« 
dim;  and,  laftly,  from  thence  to  thdr  riGngagaiii 
tlic  next  day. 

Ihc  meridian  of  a  country  fituatcd  raft  or 
nvcft  of  London,  is  a  different  one  from  that  of 
London,  If  you  tra\'cl  eatl  or  weft,  you  chingc 
your  hicridian  by  a  quantity  eqital  to  that  whicfi 
y&u  have  advanced  towards  the  eaft  or  the  weft; 
lor  your  meridian,  at  every  change  of  fituaiion, 
pafTes  through  a  new  zenith,  and  the  poles  of  the 
**'orld*  Thus  Rome  is  about  1 2**  34*  eaft  of  Lon- 
don, and  confequcntly  the  meridian  of  Rome  differs 
12*  34'  from  that  of  London.  There  is  but 
©ne  method  of  changing  your  (ituation  without 
changing  your  meridian;  which  is^  to  go  diredly 
north  or  fouth,  that  is,  towards  cither  of  the 
poles. 

^  Every  place  is  fuppofcd  to  have  a  meridian 
pading  over  it's  licnith,  and  going  through  the 
poles  of  the  world.  All  the  meridians  therefore 
meet,  and  interfedl  each  other,  at  the  pcSes.  They 
;ire  all  at  right  angles  to  the  equator;  and  the 
equator,  becaufe  it  is  every  where  at  an  equal  dif- 
tance  from  the  poles,  divides  every  meridian  into 
two  equal  p^rts. 

You  have  now  eftablifhed  three  circles  in  tKe 
celeftial  fphcre,  to  which  you  *may  refer  all  the 
liars  you  obfcrve.  Thefe  circles,  though  inthem- 
{t\\ts  imaginary y  will  become,  as  it  were,  fixed 
points  for  your  obfcrvations.  The  horizon  is  the 
firft  circle  which  you  muft  ufc;.not  only  as  it 
^irtinguifhes  night  from  day,  and  the  rifing  and 
jetting  of  all  the  heavenly  bodies,  but  as  the 
iiigher  and  farther  they  arc  elevated  above  the  ho- 
rizon, the  longer  they  (lay  with  us;  their  elevation 
^ove  it  became  one   pf  the   firfl   objetSs  of  aa 

a^fVronoiner'4 
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aftronomer's  attention :  this  was  one  of  the  mean^ 
by  which  he  could  refer  them  to  the  horizon. 

To  this  end,  fuppofe  a  circle  rifing  perpen- 
dicularly out  of  the  horizon,  palling  through  the 
ftar,  and  going  up  to  a  point  diredly  over  you* 
bead,  or  to  your  zenith.  Upon  this  circle  you  may, 
by  the  help  of  your  quadrant,  reckon  how  many 
degrees  it  is  from  the  horizon;  and  this  is  called 
it's  altitude^  or  height.  The  circle  upon  which  I 
count  the  degrees  of  altitude  is  called  a  vertical 
circle,  becaufe  it  ftands  perpendicular  to  the  ho- 
rizon, and  pafles  through  the  zenith. 

Thus  B  D,  jJg,  3.  pi.  14,  is  a  quadrant  whoC: 
circumference  is  divided  into  ninety  degrees* 
Place  one  of  the  fides  vertically  by  the  means  of  the 
plumb-linc;  put  the  eye  at  the  center  o ;  obfervc 
what  point,  c,  on  the  circumference  of  the  qua- 
drant, correfponds  with  the  ftar,  and  the  number 
of  degrees  between  D  and  G  will  be  the  altitude 
of  the  ftar  above  the  horizon.  For  inftance,  if  the 
arc  D  C  is  the  half  of  13  D  on  the  fmall  inftrument, 
the  celeftial  arc  A  R  will  be  ulfo  the  half  of  Z  R, 
both  one  and  the  other  will  be  forty-five  degrees; 
but  as  the-MRAsaRE  uf  anolf.s,  by  a  quadrant,  or 
fomc  other  inflrument,  is  the  balls  of  aftronomy, 
it  will  be  neccff'ary  to  enter  here  fomewhat  fully 
into  the  nature  therecC  before  we  proceed  further 
in  our  invcftigation  of  the  he*ivens. 

Of  the  Astronomical  Quadrai^t, 

The  fmall  quadrant  before  you,  fig.  i,  pi.  14^ 
is  a  very  fimple  ai'id  ufcful  inftrumcnt*  With  it 
you  may  not  pnly  perform  a  great  number  of  inte- 
rcfting  and  entertaining  problems,*  but  may  alfo 
attain  a  good  idea  of  pradical  aftronomy^ 

'Every 
■     ••  ,  * 

^  See  my  EfTays  on  AdroAomyi  £c< 
I 
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axis.  It  may  be  immediately  placed  in  any  vertical 
pofiiioiii  and   the  pcdcftal  being  moveable  in  the 
axis  of  the  circle  E  F,  at  bottom^  ferves  to  place 
in  the  direction  of  any  azm>uth|  or  tawards 
point  of  tbe  compafs.     The  limb  A  B  is  divide 
into  degrees  and  halves,  numbered  from  A  ;  ar 
Upon  the  radius  B  C  are  fixed  two  lights^  of  uhic 
B  is  perforated  with  a  fmall  hole^  and  is  provide 
\vith  a  dark  glafs,  to  defend  the  eye  from  the  funfj 
light ;  and  the  other  fight,  C,  has  a  larger  holfl 
fyrniflud   with   crofs   wireSj  and  alfo  a   fmallc^ 
which  is  of  ufe  to  take  the  fen's  altitude,  by  thi 
projedion  of  the  bright  image  of  that  luminary 
upon  the  oppofite  fight.     From  the  center  C  hang:S 
a  plumb-line  C  P,     The  horizontal  circle  F  E  i^ 
divided  into  four  quadrants  of  ninety  degrees;  an^| 
an  arm  E,  connci^ed  with  the  pcdeftal,  moves  along 
the  limb,  and  confequently  Ihcvvs  the  pofition  of 
the  place  of  the  quadrant,  as  will  hereafter  be  morc_ 
IfninuteK  explained*     Laitly,  the  fcrew^  G,  H*    " 
render  it  very  cafy  to  fet  the  whole  inrtrument  (tca^ 
dily  and  accurately  in  it*s  proper  poiition,  notwith 
landing  any  irregularity  in  the  table  or  Hand  il 
may  be  placed  upon. 

The  rationale  of  this  inflrument  h  very  cic 
fiind  obvious.     It  h  ufed  to  mcafure  the  angul 
difiance  of  any  body»  or  appearance,  cither  ft 
the  zenith  or  point  immediately  above  our  heads 
or  from   the  horizon  or  level.     The  plumb-lir 
C  P,  if  continued  upvvarda  from  C,  would  be  di^ 
reiJtcd  to  the  zenith  Z;  and  the  line  C  L,  fuppofcd 
to  be  drawn  from  the  center  of  the  quadrant  loan 
objciit  Lj  Will  form  an  angle  LCZ,   uhich  is  tin 
^.cnith  diftanccj  and  in  equal  to  the  angle  BCPj 
formed  between  the  oppofite  parts  of  the  fiunc] 
line^*     We  fee,  therefore,  chat  the  degrees  on  il 
trc,  comprehended  on  the  limb  »Jf  the  quadra^ 

btiwec^l 
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1  the  plumb-line  and  the  extremities  next 
,  mcafure  the  ane"Ic  of  the  zenith  diftance* 
Again,  the  line  CK    forming  aright  angle 
fjlh  ihe  perpendicuh\r  C  Z)  [sieve/,  or  horizontal  s 
he   angle   L  C  K   muft  therefore  be  the  ahitudc 
cicvidcion  of  L  above  the  horizon;   and  this  lall 
nmft  be  equal  to  the  angle  nieafured  between 
iinb-line  and  the  end  A    fartheft  from  the 
yc;    becaufe  both  thefe  are  equal  to  the  quantity 
ihich  would  be  left,  after  taking  the  zenith  dif- 
tancc   from   a   right   angle>   or   the   whole   qua- 
^^a^r. 

The  determination  of  the  altitude  or  zenith 
liilance  of  an  objedl  is  nor  fufficient  to  afcertain 
t*s  place,  becaufe  the  objecll  may  be  placed  in 
lydircdlion  with  refpedl  to  azimuth,  or  the  points 
the  compafs,  without  increafe  or  diminution  of 
t's  altitude.  Hence  it  is,  that  an  horizontal  gra- 
luated  circle  is  a  neccffary  addition  to  a  quadrant, 
i^hich  is  not  intended  to  be  always  ufed  in  the 
imc  plane.  The  bearing  or  pol^tion  of  an  objcdt 
cUtive  to  the  cardinal  points,  together  with  the 
jikitude,  is  fufficient  to  afcertain  the  place  of  any 
ibjc«fl:  or  phenomenon. 

To   aJjuji  the  (piadrant  for  ohfervation.     The 

buadrant  is  adjufted  for  obfervation  when  it's  plane 

"continues  perpendicular  to  the  horizon,  in  all  po- 

fition*  of   the  line   of  fight.     For   this  purpofe, 

bring  the  index  to  go^on  the  horizon,  and  turn  one 

or   both  of  the   fcrcws  which  are  fixed  oppofitc 

^0%  till  the  plumb-line  lightly  touches  thr  plane 

Bf  the  quadrant.     Then  turn  the  index  to  0%  and 

make  the  fame  adjuflment,  by  means  of  the  fcrew 

^t  o**,  and  the  quadrant  is  ready  for  obfervation, 

I        Or  otherwife,  fct  the  index  at  o*',  and  obfervc 

■the  degree  narked  by  the  pUnnb-line  on  the  limb: 

febcn  turn  the  index  to  the  other  o*^  which  is  dia- 

■       Vot*  111.  Mm  metrically 
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metrically  oppofitc,  and  obfervc  the  degree  marked 
by  the  plumb-line  :  if  it  be  the  fame  as  before, 
there  will  be  no  occalion  to  alter  the  fcrews  at  60*; 
but  if  otheruife,  one  or  both  of  thofe  fcrcws  muft 
be  turned,  till  the  plumb-line  interfeds  the  middle 
degree  (or  part;  between  the  two.  After  this  ope  ~ 
ration,  the  degree  marked  by  the  plumb-line  mul 
be  obferved,  as  before,  by  fetting  the  index  at  both 
the  90s  and  the  adjutlment  of  the  plumb-line  ta 
the  middle  diftancc  muft  be  made  by  the  fcrcw; 
O,  taking  care  not  to  touch  the  other  fcrews. 

The  latter  method  of  adjuftment  being  morcT 
ilccuratc  in  pradice^  may  be  ufcd  after  the  fcrmcr^ 

To  FIND  THE  AtTITUDE  OF  THE  SuN,  OR  ANT  0T«t^j 

Celestial  Body. 


The  quadrant  being  adjufted,  as  it  muft  be  in 
all  cafes  previous  to  it's  ufc,  thecclcftial  body  muft 
be  viewed  through  the  fights,  and   the  plumb-1 
will  ftiew  it's  altitude  on  the  graduated  limb  of  t 
inftrument. 

If  the  obfervation  be  made  on  the  fun,  i 
dark  glafs  muft  be  ufcd  to  defend  the  eye  j  or  the 
luminous  fpot  formed  by  the  fmaller  hole  of  the 
light,  which  carries  the  crofs  wires,  muft  be  made 
to  fall  on  the  matk  on  the  other  fight,  which  lic^ 
4nmicdiately  beneath  the  eye-hole* 


iUll 

tllP 


Continuation*  of  a  View  of  the  general 
Principies. 

Let  us  now  return  to  our  obfervation  on  tli 

ifjejlialfphere :  whilft  this  fphere  turns  upon  il 
/^/^/,  the  points  fituated  in  tjic  equator  defcribc| 
<  irclc,  which  is  of  the  Hinie  fizc  with  the  fphc 
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;  tenter  pafling  througK  the  center  of  the  fphere; 
t  the  points  which  are  nearer  the  pole  defcriW 
iler  circles,  thefe  are  caWed  parallels  to  the  equa^ 
;  or  fimply  parallels.  Every  point  in  the  hea-  * 
b;  that  is  not  iituated  in  the  equator,  dcfcribcs 
irallel ;  thefe  diminifti  in  filze,  iii  proportion  as 
|fe6y  are  more  diflant  from  the  equator. 
'  All  thefe  parallels  are  divided  into  equal  parts 
jf  the  meridian;  thus,  any  ftar  fuppofed  on  the 
Icridian,  will  defcribe  by  it's  diurnal  motion  a 
ircle  parallel  to  the  equator,  and  will  be  as  long 
ktone  fide  of  the  meridian  as  it  is  on  the  other; 
his  circle  dividing  the  time  of  the  diurnal  revolu-^ 
ion  into  two  equal  parts. 

If  the  parallel  defcribed  by  the  ftar  be  entire- 
Y  above  the  horizon,  you  may  fee  it  pafs  the  me- 
idian  twice  in  the  day;  once  in  that  part  of  the 
neridian  above  the  pole^  once  in  that  part  of  the 
neridian  below  the  pole.  But  if  part  of  the  pa- 
aUel  defcribed  by  the  ftar  be  below  the  horizon, 
ou  will  only  fee  it  pafs  the  meridian  once  in  24 
lours. 

Mathematicians  call  all  thofe  circles  on  the 
iirface  of  the  fphere,  whofe  center  pafles  through 
he  center  of  the  fphere,  great  circles  ;  the  plane 
\i  thefe  circles  divides  the  fphere  into  two  equal 
arts.  The  equator^  the  meridian^  and  the  horizo7j, 
re  great  circles.  Small  circles  are  thofe  whicK' 
livide  the  fphefe  into  two  unequal  fegmerits;  fuch 
re  the  parallels  to  the  equator. 

To  FIND  TriE  HkIOHT  OF  THE  PoLE  BY    MeA>IS  OF 

THE  Stars. 

The  difpofition  of  the  three  great  circles  of 
be  fphere  that  we  have  fixed  upon,  namely,  the 
fudior;  tixt  b^rizon^  and  the  meridian^  will  h:nce-. 

M  m  4  forth 
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forth  become  the  bafis  of  all  your  obfcrvations ; 
and  to  thcfc  you  will  refer  the  ftars,  in  order  to 
determine  their  fituations  and  motions.  The  firft 
thing,  therefore^  wc  ought  to  do,  is  to  difcover 
the  reciprocal  fuuation  of  thcfe  circles:  j.  The 
iituation  of  the  equator  with  rcfpedl  to  our  hori- 
zon.  2,  The  elevation  of  the  pole.  3,  The  ele- 
vation of  the  equator  at  the  meridian,  or  fouth 
point* 

If  the  north  or  polc-ftar,  of  which  we  have 
already  fpokcn,  had  been  precifely  and  accurate)/ 
lituatcd  at  the  pole  of  the  world,  it  would  have 
been  a  fure  and  permanent  mark,  and  you  would 
have  had  nothing  more  than  to  have  taken  the  al- 
titude of  this  ftar  to  have  obtained  that  of  the 
pole  ;  but  this  ftar  is  two  degrees  ditlant  from  the 
pole.  To  the  naked  eye,  unaffiftcd  with  inftru- 
ments,  this  difference  can  fcarce  be  perceived; 
but  with  inllrumcnts*  and  by  attentive  obfervation, 
it  is  found  to  dcfLribe  a  fmall  circle  about  the  pole, 
fo  that  though  it  does  not  mark  dircflly  the  pole ; 
yet  the  middle  of  the  circle  it  dcfcribcs  being 
the  pole,  it's  place  may  be  very  readily  difco- 
vercd. 

Thus  the  polc-ftar  defcribing  about  the 
pole,  a  circle  of  2"  diftant  from  the  pole,  there 
will  be  4'='  difference  between  the  altitude  of 
this  ftar  when  it  is  in  the  upper  point  of 
it's  circle,  and  when  it  is  in  the  loweft  point, 
b.ing  2**  on  each  fide  the  pole.  If  therefore  the 
altitudes  be  taken  when  it  is  ia  both  fituations,  jn  1 
order  to  have  the  height  of  the  pole,  you  muft  ful<fl 
tract  1"  from  the  fupcrior  altitude,  and  add  twottJ^ 
ihc  lower;  thus 
at  London  firft 
ditterence  is  4^,  the  half  of  which  added  to  49*32 


if  the  altitude  had  been  obfervrd     . 
to  be  5  j*>  2T,  ^"^  ^^^^  49**  3^'#  th^H 


Qr  fubtraclcd  from  53**  32',  gives  51**  32',  thcahi- 


tuJe  of  the  pule  at  Londua  j  or  you  may  add  t 

two 
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to  heights  together,  and  take  the  half.     The  ele- 
ction of  the  pole  may  be  difcovered  in  the  fame 
ler  by  any  other  of  the  circumpolar  ftars. 
The  elevation  of  the  pole  being  difcovered, 
[>u  thereby  obtain  that  of  the  equator.     Thus,  in 
be  diagram  before  you,  fg.  5, />/.  3,   P  reprefents 
he  pole,  and   E  Q  the  equator,  H  O  the  horizon, 
^  H   the  elevation  of  the   pole,  Z  the  zenith ; 
■^^  Z  O,  or  the  vifible  part  of  the  heavens,  contains 
"j^^  twice  90  or  180**,  it  being  90°  from  Z  to  H,  and 

?y*  from  Z  to  O  ;  but  it  is  alfo  90^  from  the  pole 
,  to  Ethe  equator.  If  you  takeaway  P  E,  there  re- 
mains 90°  for  the  other  two  arcs,  or  in  other  words, 
the  elevation  of  the  pole  and  the  equator  are  to- 
■gether  equal  to  90°  ;  and  the  one  being  k  lown  and 
nibtracted  from  90%  gives  the  other;  in  technical 
words,  the  elevation  of  the  pole  is  the  complement  of 
the  elevation  of  ibe  equator. 

It  follows  from  hence,  that  the  elevation  of 
the  equator  is  equal  to  the  diftance  from  the  pole 
to  the  zenith,  for  the  elevation  of  the  equator  is  the 
diflference  between  that  of  the  pole  and  90^  ;  the 
fame  elevation  fubtratled  from  90^  gives  it's  dif-» 
tance  from  the  zenith. 

For  the  fame  reafon  the  diftance  from  the 
equator  to  the  zenith  is  equal  to  the  elevation  of 
the  pole,  for  H  Z  is  equal  to  90^  and  PE  is  equal 
to  90^  ;  if,  therefore,  you  take  away  PZ,  which 
is  common  to  both,  the  remainders  PH,  Zi*,  muft 
be  equal  to  each  other. 

Of  the  apparent  Phenomena  of  the  Moon. 

From  confidering  the  diurnal  motion  whi#h 

is  common  to  all  the  ftars,  and  obvious  even  to 

thofe  who  have  given  very  little  attention  to  thcfe 

fubjedts,  I  fliall  pafs  on  to  that  motion  of  the  p|jj- 

M  ro  J  nets 
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nets  tfthich  is  performed  in  a  direilion  contrary  \\\ 
iix  dwTPal  revoluiims  of  the  Jlars^  that  i^,  it<m\ 
well  to  caft. 

Among  Lhcfe  there  are  none  fo  remarkabk a|^ 
ihofc  of  the  moon  ;  every  nio&th  the  changes  hcf 
figure,  and  makes  the  tour  of  the  heaven  in  a  ccm- 
trary  direction  to  the  general  moiion  thereof;  fo 
that  though  the  muon  appears  to  rile  and  fet  every 
day  like  the  other  ftai-s,  by  a  motion  from  caft  to 
ueft,  yet  flic  fcems  alfo  every  day  to  be  retandfll 
in  her  motion^  and  to  flay  as  it  were  behind  the 
ilars^  or  go  backwards  tOMards  the  eafl  about  if* 

This  motion  of  the  moon  towards  the  caft|  at 
the  fajne  liine  that  it  partakes  of  the  general  diiif' 
jial  motion,  is  called  her  periodical  motion,  and  is 
fo  cOnfiderable,  that  in  27  days,  the  nioon»  nhicli 
appeared  near  any  remarkable  ftar,  fcparates  from 
!t,  moving  in  a  contrary  direiftion;  the  firftdayit 
removes  rather  more  than  13  degrees  from  it,  the 
fecond  26,  the  third  39,  &t,  fo  that  in  17  days  it 
completes  the  360^  and  meets  the  ftar  on  the  op- 
pofitc  fide,  having  made  the  tour  of  the  heaven, 
^  '*Her  nightly  changes  in  her  circling  orb'*  is  a 
phenomenon  ftill  more  ftrikihg  than  the  preceding. 
At  thi  new  moon,  ais  fooh  as  Ihe  become^  vifibic 
fhe  is  feen  in  the  weftern  part  of  the  heavens,  at  no^ 
great  diftanee  from  the  fun>  and  jufl:  as  it  were  im- 
merged  from  his  light.  She  increafes  every  night 
Jn  fize,  and' removes  farther  and  farther  from  the 
fun»  till  at  laft  fhe  appears  in  the  eaftern  part  of  the 
hor'zon,  v/hen  the  fun  is  difappearing  in  the  wef- 
tern, nfrng  at  the  fame  time  he  fets,  and  appearing 
with^  full  round  face,  equalling  if  not  exceeding 
the  fun  in  fize.  After  this  Ihe  gradually  removes 
further  and  further  eaftward,  till  at  laft  fhe  feems 
to  approach  the  fun  as  nearly  in  the  eaftas  Ihe  did 
before  in  the  weft,  and  rifes  only  a  J'rttle  before 
him  in  the  moaning ;  whereas  in  the  firft  part  of 

her 
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kcr  courfe,  flie  fct  in  the  weft  long  after  him. 
This  is  a  prelude  to  her  total  difappearance^  and 
though  from  her  firft  appearance  in  the  weft  Ihc 
lakes  almoft  a  month  to  pais  to  the  eaftern  part 
of  the  heavens,  Ihe  feems  to  pafs  from  the  eaftern 
to  the  weftern  in  one  or  two  days ;  for  immediate- 
ly on  her  vanilhing  in  the  eaft,  ftie  appears  again 
in  the  weft,  and  very  near  the  fun.  All  thcfe  dif- 
ferent appearances  happen  in  the  fpace  of  a  month, 
after  which  they  recommence  in  the  fame  manner. 
**  Sometimes  ftie  half  r jftores  day  with  her  waxing 
brightnefs ;  fometimes  waning  into  dimnefs,  (he 
fcarcely  difperfes  the  nodlurnal  gloom." 

This  luminary,  like  the  fun,  feems  to  have  a 
'motion  from  north  to  fouth,  but  at  oppofite  fea- 
ions ;  for  at  fummer  time  ftie  is  low  in  the  fouthern 
part  of  the  heavens,  but  approaches  confiderably 
ttau-cr  to  the  northern  regions  in  winter.  By  her 
phafes  ftie  divides  the  times  and  feafons,  and  we 
fu)d  that  iii  early  ages  men  were  much  affeded 
with  this  twofold  consideration  of  the  fervices  of 
the  moon,  enlightening  the  night,  and  regulating 
their  .time.  I  nt  ed  not  here  mention  the  various 
facnfi*:fs,.  ^ft.  rings,  and  proceflions,  in  honour  of 
Diana,  1  *n:i-,  Hecate,  that  is,  of  the  moon  under  dif- 
ferent j.ames;  her  vot?ries  were  numerous  and 
fupcrftitioiis.  Ignorant  of  philofophical  truth,  and 
uninftruded  by  revelation,  they  pradifcd  abfurdi- 
ties,  and  believed  in  lies. 

Of  the  Sun's  annual  Motion,  a\d  of  the 
Ecliptic 

Though  the  periodical  motion  of  the  inoon  is 
quick  and  remarkable,  yet  there  is  ft  ill  one  more 
important,  that  is,  the  apparent  periodic  or  annual 
motion  of  the  fun ;  on  it  depend  the  changes  of 
feafon,  the  fumnier's  heat  and  winter's  cold,  the 
M  m  4  dilFcrcnx 
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diffCTOit  lengths  of  d*?  and  nights     This  moi^ 
k  indeed  CNily  apparent,  ariling  from  the  anni 
wotkm  of  the  earth  ;  at  prefent^  howeverj  vic 
miaif  omfiilertT^  appearances,  from  thefe  ine 
^tervmrdi  mfcend   to  the  conremplarioji   of 
conies  V  hicti  occafion  them. 

Altttlcactcncion  nill  foon  convmcc  you,  that 
tJbt  fua  docs  HOC  rife  cxa^ly  at  the  fanie  point »/ 

Tlim  if  ton  commence  your  obfervations  of 
At  fun,  for  mftaiK'e,  in  the  beginning  of  March, 
jpm  will  find  him  appear  to  rife  more  to  the  nortb^ 
^'Virt  eifcry  day,  to  continue  longer  above  the  ho- 
riioti^  to  be  more  vertical,  or  higher^  at  mid^day ; 
this  continues  citl  towards  the  end  of  JunC|  when 
he  mo\es  backward  in  the  fame  manner,  and  con^ 
nanes  this  rrtrognide  motion  till  near  the  end  of 
Drcetnbcr,  when  he  begins  to  move  forwards,  and 
foon. 

It  is  thiscl^nge  in  the  fun's  place,  that  occa^ 
fions  him  to  rife  and  fet  in  different  parts  of  the 
horiicn,  at  dtiierent  times  of  the  year.  It  is  from 
hence  that  his  height  is  fo  mQch  greater  in  funimcr 
than  in  vmten  In  a  *ord,  the  change  of  the  fun's 
place  in  the  heavens  is  the  caufe  of  i.he  different 
let^h  in  the  days  and  nights,  and  the  vicilTjtodcs  | 
cf  the  feafons,  "  Sometimes  we  perceive  him 
vcr\  high  therein,  as  if  he  would  come  over  our 
he^iu* ;  at  thotc  times  his  rays  fall  upon  us  with 
grea:;rr  forvC,  he  continues  longer  vifible,  the  earth 
and  air  are  conliderably  heated,  vegetables  flourifn 
and  arrive  at  their  perfect  ibite,  every  animal  feems 
cheerful,  and  :his  agreeable  feafon  we  caliyi<w«^r. 
By  an  J  by,  however,  he  removes  farther  fouth,  his 
time  of  coniinuinjx  vilible  becomes  conftantly 
Ihorrcr  and  i>  oiter,  until  at  laft  it  is  reduced  to  a 
few  hoi.rs  ;  rho  fun  is  then  funk  almoft  in  thefou- 
thern  part  of  the  heavens,  the  earth  is  covered 

with 
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jfjth  froft  and  fnow,  the  air  is  difturbcd  with  via- 
It  wind*:  and  tcmpcfls,  vegetables  peri lli, animals 
bed  x^ith  cold,  and  we  call  this  dreary 
VT.     The  intermediate  fcalbn,  when  the 
ill  begins  Co  return  towards  us^  and  by  his  genial 
I  e  to  revive  the  animal  and  vegetable  worlds 
Kl/pring,     The  feafon  when  he  again  begins 
withdraw  his  influence,  when  fruits  ripen,  and 
Vegetable  life  begins  to  decay,  is  named  autumn,^ 
As  the  knowledge  of  the  funVs  apparent  mo- 
rn is  of  great  importance,  and  a  proper  concept 
^on  of  it  ahfotutely  nccclFary,  in  order  to  form  a 
rue  idea  of  the  phenomena  of  the  heavens,  you 
^ill  cxcufe  my  dwelling  fomething  longer  upon  it. 
[f  on  an  evening  you  notice  fomc  fixed  ftar  near  the 
^lacc  where  the  fun  fcts,  and  obfcrve  it  for  fcveral 
rucccffivc  evenings,  you  wiU  find  chat  it  approaches 

Rhc  fun  from  day  to  day,  till  at  laft  it  will  dilap- 
»car,  being  effaced  by  his  light,  though  but  a  few 
lays  before  it  was  at  a  fuflicientdiftance  from  him. 
That  it  is  the  fun  which  approaches  the  ftars,  and 
I  not  the  liars  the  fun,  is  plam,  for  this  rcafon  ;  the 
Rars  always  rife  and  fct  every*  day  at  the  fame  points 
bf  the  horizon,  oppolitc  to  the  fame  tcrrcftrial  ob* 
Icdts,  and  arc  alwavs  at  the  iame  diilance  from  each 
feCber ;    whereas  the  fun  is  continually   cliangmg 
both  the  place  of  riling  and  ferting,  and  it  s  dil- 
I     stance  from  the  flars. 

^^  The  fun  advances  nearly  o?fe  de^rfe  every  day, 
^Bnoving  from  welt  to  call,  fo  that  in  ^65  day*,  you 
^will  lee  the  fame  liar  near  the  fettmg  fun,  as  you 
^Bbfcrved  to  be  near  him  on  the  fame  day  in  the 
p^>rcceding  year.  In  other  word^,  the  fun  has  re- 
purncd  to  the  place  from  whence  he  fet  out,  or 
lade  what  ue  call  his  annual  revoludou, 

VVc  cannot  indeed  obfcrve  the  fun's  motion 

among 
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among  the  fixed  {\zr$,  bccaufe  he  darkens  ihfl 
heavens  by  hisfplcndorpand  effaces  the  fi-cblelighfl 
of  thofettars  that  are  in  his  iieighbourhuod ;  bufl 
M'c  can  obferve  the  trnlant  of  his  coming  to  rhtH 
meridian,  and  his  mcridianal  altitude ;  inc  can  alfifl 
compute  what  point  of  the  Harry  heaven  comes  tdH 
the  fame  nici  idian,  at  the  fame  time,  and  w  ith  th^| 
Time  altitude.  The  fun  niuft  be  at  that  point  ofl 
the  flariy  heavens  thus  diftovcrcd.  Or  we  caifl 
obferve  that  point  in  the  heavens,  which  cnmes  t<fl 
the  nncridian  at  midnight,  with  a  declination  a^| 
far  from  the  equator  on  one  fide,  as  the  fun's  isonH 
the  other  fide ;  and  it  is  evident,  the  fun  muft  h^| 
in  that  part  of  the  heavens  which  is  diametricallj^fl 
oppofite  to  this  jToint.  By  either  of  thefe  mcthodiH 
you  may  obtain  a  feries  of  points  in  the  hcavcnsB 
through  which  the  fun  paifes^  forming  a  circle 
called  the  rcUpjic.  ^ 

To  combine  more  clearly  the  annual  znd  diurJ^ 
nal  motion  of  the  fun,  let  us  confider  for  a  nroment 
this  globe;  by  turning  it  on  it*s  axis  you  obtain an^ 
idea  of  the  diurnal  rnoilon  of  the  ceielHal  fphere.fl 
If  you  place  an  infccl  at  an  equal  diftance  from 
the  poles,  it  will  turn  m ith  the  globe,  and  dcfcribc 
the  equator  ;  if  you  place  another  nearer  the  poles,  j 
k  V  ill   dcfcribe  a  parallel  to  the  equator*     BurH 
while  the  globe  is  moving  in  one  direction,  the  in-^ 
feci   may    be    moving   very  flowly  in  another,  and     , 
will  thereby  imitate  ihc  anrtual  Oiotion  oi  the  fun,^ 
which  advances  by  degrees  towards  thecaft,  ihoughH 
h  is  carried  round  every  day  b)^  the  diurnal  nio«H 
tion  towards  the  weR.  ■ 

The  rrliptic\  or  path  of  the  apparent  annual  ma-B 
tion  of  the  fun,  difTers  in  lituarion  Irom  the  eqtiator^H 
whofc  tiruation  wc  have  already  afcertained.  ThirH 
the  Chaldeans  hrll  obfcrvcd  at  Babylon,  where  theH 
equator  was  elevated  54^*  above  t!ie  horizon;  noW'H 
if  the  annual  path  of  the  fun  had  been  in  the  cqua^H 
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tor,  every  day  at  noon  ihe  fun's  ahirude  would  hav^H 
been  54^  ;  it  was  fo  far  from  this,  that  in  lumiTicdl 
they  found  it  rife  24*'  above  the  equator*  and  in 
winter  defcend  24*^  below  it ;  fo  that  his  meridian 
height  in  fummcr  was  78%  and  only  30^  in  winter; 
the  ecliptic  was  therefore  evidently  differently 
Htuated  from  the  equator,  but  cut  it  in  two  points 
diametrically  oppofite  ;  for  they  olrferved  twice  ia 
the  year,  in  fpring  and  autumn,  that  at  noon  the 
fun*s  akiiude  wasexadly  the  fame  with  that  oft 
equator. 

The  ecliptic^  or  path  of  the  fun,  is  then  that 
circle  of  the  fphcre  which  cuts  the  equator  in  two 
points,  but  which  is  afterwards  removed  about  24^ 
from  the  equator,  being  one  part  of  the  year  on 
fhc  north  iide,  the  other  half  on  the  fuuth  fidc;  and 
as  the  points  where  it  cuts  the  equator  divide  it 
into  two  equal  parts,  you  may  conclude  that  the 
pcliptic  is  a  gnai  circle  of  the  fphcre,  for  it  is  one 
.f>f  their  properties  to  bifed  each  other.  The  next 
bufinefs  is  to  determine  in  the  cclertial  concave, 
and  among  the  fixed  ftars,  thofe  by  which  the  fun 
pafTcs  every  day  fo  as  to  delineate  his  path  on  a 
globe.  ^ 

For  this   purpofe,   remember  there  are   tw^H 
days,  fix  months  diftant  from  each  other,  when  the 
^eridian  altirude  of  the  fun  is  the  fame  with  chat 
of  the  equator  ;  thrfc   are  called   the  equinox ial 
days^  becaufe  the  fun  on  thofe  days  dcfcribing  the 
eqtiator  is  twelve  hours  aho^'C,  and  twelve  bencatl^B 
jhe  horizon,  fo  that  the  day  is  equal  to  the  night^H 
one  IS  called  the  vernal^  the  other  the  autumnat 
equinox. 

Having  remarked  at  midnight  on  the  vernal 
equinox  a  ftar  having  the  fame  altitude  with  the 
fun,  that  is,  equal  to  the  <?levanon  of  the  equator, 
you  are  certain  of  having  oKtiit^^^  ^^  pomt  dia- 
metrically oppofite  to  the  c       .vvii,^\\ct^\vtv;V\V 
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be  at  the  autumnal  fqiiinox-     In  thr  tame  \ray  \t 
may  difcover  zi  the  autumnal  the  fun's  place  it  tt 
'vernal  equinox,  and  thus  alccrrain  tx^o  points  cl 
fencial  ro  the  progren*  of  aftrnnomy^ 

The  points  of  the  ecliptic  where  the  fun 
iituated  when  he  is  moil  diliant  from  the  cqii;uor 
are  czWcd/yjlitul  points ;  they  are  called  the  folij 
llitial  points,  I  ecaufc  the  fun  at  ihefc  points  ^ 
pears  fUtionary  ior  fomc  days,  that   is,  about  th^ 
21  ft  of  June»  and  the  lift  of  December.     ThtfJ 
points   being  ohfcrved,  there  remains,  for  com* 
pleating  the  ecliptic,  only  to  fill  up  the  intents 
diate  parts  of  the  path. 

The  ditlance  between  the  equator  and  if 
ecliptic  at  the  folftitial  points,  is  called  the  ohii 
quity  of  the  edipiic  ;  to  afcertain  this^  k  is  ncvcflar 
to  meafure   how    much  the  fun  rifcs   above  ti 
equator  in  fun;nier,  and  defcends  below  it  in  uir 
ter  5  or  how  much  higher  he  was  at  noon  in  fur 
mer  than  in  winter,     Aftronomers  have  done  this, 
and  found  the  diHercnce  to  be  47  degree?*,  the  half 
of  which  1-1  i  is  the  greatcft  diltance  between  th< 
ecliptic  and  the  equator. 

About  2000  years  ago  this  obliquity  was  24^ 
it  is  now  about   23**  28'^  and  diniuufhcs  about 
minute  every  100  years. 

To  reckon  and  meafure  the  motion  of  thefu< 
and  other  celellial  bodies,  it  isnccelTary  to  fix  \\\ 
fome  point  in  the  heavens  from  whence  to  procccc 
and  to  which  every  thing  may  be  referred.  Th< 
return  of  the  feafnns  being  the  moft  rcntarkabl 
and  intcrefting  circumOance  in  all  aftronomy,  i\ 
departure  of  the  reckoning  was  governed  rhcrrbli 

The  fvn  by  his  annual  courfe  in  the  ecliptic 
traveifcii  the  equator  cveiy  year,  bringing  fprir 
with  him;  and  this  rene\Nal  of  nature  fcrvtd  tS 
mark  the  beginning  of  the  year,  and  the  aftronc 
riKrs  ufcd  the  point  where  thiii  change  took  pbc^ 
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or  the  interfedion  of  the  equator  and  eclrptic  for  • 
the  beginning  of  their  meafures,  and  called  longi^ 
iude  the  diftance  of  the  fun  from  the  vernal  equi* 
nox  reckoned  along  the  ecliptic. 

Of  the  Planets. 

The  diurnal  motion  of  the  heavens,  as  being 
the  n^oft  ftriking,  was  that  which  was  firft  noticed 
by  mankind :  then  the  periodic  motions  of  the  fun 
and  moon.  In  procefs  of  time,  by  repeated  and 
more  a^puous  obfervations,  they  found  among  the 
ftars  fix  which  had  motions  peculiar  to  themfelves, 
and  thefe  they  called  planets ;  they  are  thus 
named.  Mercury  5,  Venus  $,  Mars  ^J,  Jupiter  %, 
Saturn  Tp,  and  one  lately  difcovcred  is  named,  the 
Georgium  Sidus  y  ;  they  never  depart  far  from 
the  ecliptic,  their  motions  are  very  irregular, 
fometimes  they  appear  to  go  forzvards,  fometin^cs 
hack*irards^  and  fometimes  to  be  Jlationary. 

Mercury  emits  a  bright  white  light,  but 
keeps  fo  near  the  fun,  that  he  is  very  fdldom  vifi- 
ble ;  and  when  he  does  make  his  appearance,  his 
motion  towards  the  fun  is  fo  fvvilt,  that  he  can 
only  be  difcerned  for  a  Jhort  t'lmt'.  He  appears 
a  little  after  fun-fet,  and  again  a  little  before  fun- 
rife. 

Venus  is  the  mod  beautiful  ftar  in  the  hea- 
vens, knoun  by  the  names  of  the  viorning  and  even-- 
ing  ftar.  She  alfo,  like  Mercury,  keeps  near  the 
fun,  though  (he  recedes  from  him  much  further, 
and  like  him,  is  never  feen  in  the  eaftcrn  quarter 
of  the  heavens  when  the  fun  is  in  the  weftern ;  but 
always  either  attends  him  in  the  evenings  or  gives 
notice  of  his  approach  in  the  morning. 

Mars  is  of  a  red  fiery  colour,  giving  a  much 
duller  light  than  Venu?,  though  he  fometimes  ap- 
pears 
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circles  may  be  dcfcribcd ;  thofe  circles,  whofe  ffw- 
/rr  is  the  fame  with  the  cenier  of  the  globe,  arc 
called  by  way  of  diftindlion  great  circles^  thcfc  di- 
vide the  fphcre  into  tMTo  equal  parts.  The  a5gii- 
hir  djftance  of  two  pointSj  lituatcdon  the  furtice 
of  the  fphcre^  is  mcafurcd  by  the  arc  of  a  great  cir- 
cle intercepted  between  them. 

Leflcr  circles  divide  the  fpherc  into  twoun 
qua!  parts. 

The  fphere  before  you,  by   it's    real  circles^ 
fcrvcs  to  rcprefcnt,  and  will  enable  me  to  explain 
to  you,  thofe  imaginary  circles  by  which  aflrono- 
mcrs   divide   the    heavens,   into   the    fame   pans    i 
or   portions    as   you   fee  thefe   circles  divide  th« 
fphcre-     If  your  eye  could  be  placed  in  the  ccntcM 
of  this  fphcre,  you  would  fee  it's  circles  upon  w^ 
igainft  thofe  very  points  of  the  heavens  where  the 
imaginary  circles  of  the  aflronomers  are  fuppofcd 
to  be  fltuated.     It  is  called  armillary^  becaufc  it 
confifts  of  a  number  of  rings  of  brafs^  called  by  the 
Latins  armill^,  from  their  refembling  bracelets  or 
rings  for  the  arms. 

There  zxt  fix  great  circles  of  the  fphere  which 
require  your  particular  attention  :  the  horizoa, 
the  meridian,  the  equator,  the  ecliptic,  the  equi- 
nodlial  cx)lure,  the  folftitial  colure. 

The  fphere  is  fuftained  in  a  frame,  on  the  top 
of  which  is  a  broad  circle  reprefcnting  the  Ar?- 
rizon. 

On  the  infide  of  the  horixon  are  two  notches 
for  receiving  a  ftrong  brafs  circle  reprefcnting  the 
meridian. 

It  is  fufpended  on  tivo  pins^  at  two  oppofitc 
point<Jof<he  meridian;  thefe  pins  are  a  continua- 
tion of  the  axis  of  the  fphere  both  ways,  and  as  the 
fphere  turns  round  upon  them,  they  are  confidered 
as  poles,  and  arc  called  the  one  the  norths  the  othtr 
the />«//?  pole. 

The 
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The  equator  is  that  circle  which  goes  round 
I  fphere  exadly  in  the  middle  between  the  two 
Its. 

The  ecliptic  is  that  circle  which  croffes  the 
liator  obliquely ;  it  is  divided  into  twelve  parts^ 
:h  of  which  confifts  of  thirty  degrees. 

The  equinoctial  colure  is  the  great  circle  which 
fles  through  thofe  two  points  of  the  equator  that 
I  intercepted  by  the  ecliptic. 

The  folftitial  colure  is  the  other  great  circle 
right  angles  to  the  equator. 

There  arc  four  lefler  circles  of  the  fphere,  two 
>pics,  and  two  polar  circles ;  thefe  four  circles 
^  all  parallel  to  the  equator. 

The  tropic  of  cancer  is  the  parallel  which  is 
the  north  fide  of  the  equator,  and  23  4  degrees 
Hant  therefrom. 

The  tropic  of  Capricorn  is  fituated  on  the 
ith  fide  of  the  equator,  and  23  4.  degrees  therc- 

The  two  polar  circles  are  at  the  fame  diftance 
Mti  the  two  poles  as  the  tropics  are  from  the 
uator,  that  is,  twenty-three  degrees  and  a  half. 

That  towards  the  north  pole  is  called  the  arc-^ 
circle^  that  towards  the  foutb  pole  the  antar£Iic 
cle. 

Of  the  Horizon  and  it*s  Uses, 

This  broad  circle  is  termed  the  horizon,  be- 
afe  it  reprefents  that  imaginary  circle  which 
unds  or  terminates  the  view  of  the  fpedlator, 
/iding  the  fphere  into  two  equal  parts;  that 
lich  is  above  the  horizon  is  called  the  upper  or 
ible  hemifphere,  that  which  is  below,  the  lower 
invifible  hemifphere.  When  the  fun,  moon,  or 
rs  defcend  below  this  circle,  we  fay,  they  arefeti 

Vol,  III.  Nn  on 
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oa  the  CQQtniy.  when  they  appeir  dxyte 

The  poles  of  the  horizon  arc  the  two* 
everywhere  equally  diftuit  from  its  ivdiei 
the  point  diredly  over  the  head  oC  the 
and,  2.  the  a^iV,  or  the  pmntdireftlf 
feet. 

On  the  broad  circle  reprefenting  the ! 
are  marked  the  thiny^tno  pdinca  of  the 
compais ;  the  eaft,  weft^  northj  and  fouth ; 
are  principally  to  be  regarded ;  thefe  ate 
cardinal  points.    Thus  to  refer  the  celeftkl  1 
to  the  horizon,  it  is  ufual  in  afbt>nomy  to  fiy^l 
fun»  moon,  or  planets,  rife  on  fuch  a  point,iir:l 
many  points  from  the  eaft  or  weft,  north  or  f 
if  you  confider  their  diftance  from  the  eaft  aiif  i 

S»nts  of  the  horizon,  it  is  called  their  ampUuii^ 
e  Mzimmib  is  their  difiance  from  die 
reckoned  on  the  horizon* 

Of  the  Distixction  of  the  Horizon  into 

RATIONAL   AND  SENSIBLE. 

In  general  terms,  the  horizon  may  be  defined 
to  be  an  imaginary  circle,  that  fcparatcs  the  vifiblc 
from  the  invilible  part  of  the  heavens. 

If  you  fuppofc  the  floor  or  plane,  on  whicl 
you  iland,  to  be  extended  every  way,  till  it  read 
the   rtarrv*   heavens,   this  plane  is   your  sensibu 

HORIZON. 

The  RATIONAL  horizon  is  a  circle,  ^riidf 
plane  is  parallel  to  the  former,  but  jxifling  thn)Qgl 
the  center  of  the  earth. 

The  rational  horizon  divides  the  conav 
fphere  of  the  heavens  into  equal  partSj  or  hcmi 
Ipfacres ;  the  objects  that  arc  in  the  upper  hcmi 

fpto 
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^pkicrc  tl^ill  be  viiible ;  fuch  as  are  in  the  lower 
hemifphere  will  be  invifible. 

Though  the  globe  of  the  earth  appears  fo 
I  JfTgc  to  thofe  who  inhabit  it^  yet  it  is  fo  minute  a 
Jtptck,  when  compared  to  the  immenfe  fphere  of 
tnc  heavens,  that  at  that  diftance  the  planes  of  the 
uratioqai  and  fenlible  horizons  coincide;  or  in 
fOtibcr  words,  the  diftance  between  them  in  the 
.^phcre  of  the  heavens,  is  too  /mall  for  advieajiirc'' 

To  illuftrate  this,  let  A  BCD,  jig.  i,  pi.  3, 

J  jreprefcnt  the  earth ;  z  h  n  o,  the  fphere  of  the  ftarry 
.h»ven.  If  an  inhabitant  of  the  earch  ftands  upon 
the  point  A,  his  fenfible  horizon  is/^,  his  rational 
one  ho;  the  diftance  between  the  planes  of  thefe 

^  two/ horizons  is  A  F  the  femidiamcter  of  the  earth, 
vhich  is  meafurcd  in  a  great  circle  upon  the  fphez;e 
of  the  heaven,  by  the  angle  e  Fo,  or  the  arc  eo  ; 

■this  arch  in  fo  fmall  a  circle,  as  zhno,  would 
amount  to  fcveral  degrees,  and  confequently  the 
difference  between  the  fenfible  and  the  rational 
horizon  .would  be  great  enough  to  be  jneafurcd  bjy 
oofervatiori.  If  we  rcprefcnt  the  fphere  of  the 
heaven  by  a  larger  circle,  the  fcmidiameter  of  the 
earth  AF  meafured  in  this  circle,  will  amount  to 

.  fewer  degrees ;  for  the  arc  E  O  is  Icfs  than  the 
arc  e  o ;  and  the  larger  the  fphere  of  the  heaven  is, 
in  proportion  to  the  globe  of  the  earth,  the  lefs 
fcnnble  is  the  difference  bctwen  the  two  horizons. 

'  Kow  as  the  fphere  of  the  earth  is  but  as  a  point, 
when  compared  to  the  ftarry  heaven,  the  difference 
between  the  fenfible  and  rational  horizon  will  be 
iinfenfible. 

From  what  has  been  faid,  it  appears  that  the 
only  diftindion, between  the  fenfible  and  rational 
horizon,  arifes  from  the  diftance  of  the  objedl  we 
are  looking  at. 

The  SENSIBLE  HORIZON  is  an  imaginary  circle, 
N  n  2  which 
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which  terminates  our  view,  when  the  objeiftsne^ 
arc  looking  at  are  upon  the  earth's  Jurf ace.  \ 

The  RATIONAL  HORIZON  is  an  imaginary  cir- 
cle, which  terminates  our  view,  when  the  objcfia 
we  are  looking  at  are  as  remote  as  the  beaoenlj 
.  bodies. 

As  the  rational  horizon  divides  the  apparent 
cclcflial  fphere  into  two  equal  hemifpheres,  and 
fervcs  as  a  boundary,  from  which  to  meafurethc 
elevation  or  dcprelfion  of  celcftial  objeds;  thofc 
in  the  upper  or  vilible  hcmifphcrc  are  faid  to  be 
high  or  elevated  above  the  horizon  ;  and  thofc  in 
the  other  hemifphere  arc  called  low,  or  below  the 
horizon. 

The  earth  being  a  fpherical  body,  the  horixoDi 
or  limits  of  our  view,  muft  change  as  wc  change 
our  place ;  and  therefore  every  place  upon  iSc 
earth  has  a  ditferent  horizon.  Thus  if  a  man  lives 
at  a,  fig.  2,  />/.  3,  his  horizon  is  G  C ;  if  he  lives  at 
b,  his  horizon  is  HD;  if  at  c,  it  is  AE,  From 
hence  we  obtain  a  proof  of  the  fphericity  of  the 
earth ;  for  if  it  were  flat,  all  the  inhabitants  there- 
of  would  have  the  fame  horizon. 

The  point  in  the  heavens,  which  is  diredly 
over  the  head  oi  a  fptclaror,  is  called  the  zenith. 

Thar  point,  which  is  directly  under  his  feet, is 

called  the  NADIR. 

If  a  rr.an  lives  at  a,  -\;.  :,  p!.  3,  his  zenith  is 
A,  his  nadir  K.  If  he  ii\c.^  at  b,  his  zenith  is  B, 
Jii5  natJir  I':  conUVjiicntiy  the  zenith  and  horizon 
of  an  oblcrvcr  ronwiris  lixrJ  in  the  heavens,  folong 
af  he  cor.riniios  in  the  Li>r.r  pluce ;  but  he  no 
iktow^T  i:.r:^/s  his  j-jolitio!!,  than  the  horizon 
foLuhes  rl:t  ear:h  \i\  anoiher  point,  and  his  zenith 
'.i.nf.'t!>  TO  a  divert  r.r  \^o\i:i  in  the  heavens. 


Of 
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the.  ecliptic^  which  rcprefcnts  the  fun's  path,  cuts 
this  circle  in  two  oppofite  points,  and  therefore  of 
courfe  the  fun  is  twice  a  year  in  this  circle  j  and 
as.one  i&^^  of  this  circle  is  always  above  the  hori* 
zon>  and  the  other  half  below  it,  when  the  fun  is  in 
tbofe  two  points  the  days  and  nights  will  be  equal. 
This  circle  is  called  the  equator,  becaufe  it  equates 
or  divides  the  globe  of  the  earth  into  two  equal 
parts ;  it  is  often  alfo  called  the  equinoiJial,  because 
that  when  the  fun  is  in  this  circle  the  days  arc 
equal  to  the  nights. 

It  is  divided  into  360  degrees,  beginning  and 
ending  in^the  equinox  point,  and  numbered  from 
weft  to  eaft ;  thefe  degrees  on  the  fphere  are  called 
degrees  of  right  ajcenfion^  but  the  degrees  on  the 
equator  laid  down  on  a  terreflrial  globe  are  called 
degrees  of  longitude. 

Hence  a  meridian  palling  through  the  fun^ 
planets,  oxftars,  (hews  on  the  equator  the  degree  of 
it's  right  ajcenfion,  or  diftance  from  the  equinodial 
point. 

Of  the  Hour  Circle. 

There  is  a  fmall  circle  fixed  about  the  north 
pole,  and  a  hand  on  the  axis  of  the  fphere,  fo  that 
by  turning  the  fphere  on  it's  axis,  the  index  will 
be  carried  round  the  circle. 

This  circle  is  ufed  to  convert  the  degrees  of 
the  equator  into  time  /  it  is  divided  into  twenty-  , 
four  equal  parts,  anfwering  to  twenty-four  hours^ 
or  the  time  of  an  entire  revolutioji  of  the  heavens* 
The  index,  by  pointing  fucceflively  cq  thofe  hours^ 
fhews  in  what  fpace  ot  time  any  part  of  that  revo- 
lution is  performed. 

The  twelve  hours  are  twice  engraved  on  this- 
circle )  tbe  firft  twelve  hours  Ihew  the  time  from 

1^  n  4  noon 
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I  m  mkimglu^  the  other  from  tntdnight  to  m 
die  ne^i  day. 

.SJtftmsmers  kegin  the  day  at  na^n,  thcrcfofl 
the  two  hours  of  nrdve  ftand  dir€<^y  upon  rf: 
graduated  edge  of  the  meridiaii* 

ft  jfjii  ibe  iime  in  vjbkb  any  moii&n  is  fit 
Jtrmedt  I  bring  the  beginning  of  the  degrees  on 
die  eqmtor  to  the  meridian ;  holding  the  fpher 
in  that  pcfition,  I  turn  the  index  about  to  the  hou 
of  f  nelve  upon  that  edge  of  the  meridian  next  mtA 
I  nov  turn  the  fphere  once  rounds  tiU  the  larms] 
point  cofnes  «gaiii  to  the  meridian,  and  the  index 
paflcs  oDce  round  the  hour  circle,  which  Ihews  ihit 
mme  rrvBimii§m  &fibe  ffbert  is  performed  in  twenty^ 
fimrhcmrM. 

If  one  revolution,  or  three  hundred  and  fucty 
d^rees^  be  made  in  tirenty-four  hours,  then  half  a 
re  volution^  or  one  hundred  and  eighty  degrees,  is 
made  in  twelve  haari|  a  qoarier^  or  ninet)'  degreesj 
in  fix  hours ;  and  in  that  proportion  fifteen  de- 
grees of  the  equator  pafs  the  meridian  in  one 
hour  and  fifteen  minutes,  or  one  quarter  of  a  dc^ 
grcc  in  one  minute  of  time. 

Or  THE  Quadrant  of  Altitude. 

This  is,  you  fee,  a  long  flip  of  brafc  with  a 
nut  at  top  to  fix  it  to  the  meridian ;  it  is  divided 
into  ninety  degrees,  and  being  fixed  at  the  zenith 
it  reaches  to  the  horizon;  it  may  be  carried  to  any 
part  of  the  fphere,  and  fo  will  ihew  the  height  or 
altitude  of  any  point  above  the  horizon  in  any  ppr 
fition  of  the  fphere. 


Or 
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Df  the  EcLiPTip  AND  Celestial  Longitude^ 

Wc  are  now  come  to  the  great  circle  called 
T^p  ecliptic^  bccaufe  there  can  be  no  eclipfcs  of  the 
f  1  md  moon,  but  when  the  moon  is  in  or  near 
this  circle  ;  for  this  circle  reprefents  the  fun's  ap- 
parent annual  path,  and  therefore  whenever  the 
moon  obfcurcs  the  fun,  or  is  obfcured  by  him,  flic 
muft  be  near  thereto. 

It  is  generally  graduated  into  twelve  equal 
parts,  confiding  of  thirty  degrees  each,  the  berr 
ginning  of  the  part  being  marked  with  charaftcr* 
reprefenting  the  twelve  figns.  Aftronomers  di-f 
vided  the  ecliptic  in  this  manner  in  order  to  judge 
more  eafily,  and  exprefs  more  clearly  the  places  of 
the  fun,  moon,  and  planets  ;  for  it  is  eafier  to  ob- 
tain an  idea  of  their  fituatiop  by  referring  them  to 
feme  part  of  a  known  figure,  than  it  could  poifibly 
be  by  merely  confidering  degrees  in  the  circum- 
ference and  expanfe  of  the  heaven.  The  aftrono- 
mers, therefore,  to  reduce  the  fcicnce  to  order  and 
method,  arranged  the  ftars,  which  are  diftribut<^d 
irregularly  over  the  furface  of  the  flcies,  into  certaiii 
and  determinate  clafles  of  conftellations. 

Thus  the  ftars  near  the  ecliptic  are  diftributed 
into  twelve  conftellations  or  figns,  which  arc 
named,  Aries,  Taurus,  Gemini,  Cancer,  Leo,  Vir- 
go, Libra,  Scorpio,  Sagittarius,  Capricornus,  Aqua- 
rius, Pi  fees. 

The  fun  appears  always  in  this  circle,  advan- 
cing in  it  nearly  a  degree  in  a  (lay,  and  going 
through  it  exacftly  in  a  year.  The  points  where 
this  circle  cuts  the  equator  are  called  the  equinocr 
rial  points  ;  the  vernal  equinodial  point  is  marke4 
^ries,  the  autumnal  one  Libra. 

It   is   by   the  ecliptic    that  aftronomers   ef- 

(imate 
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of  the  heavenly 


be  lieirieniT  bodies  is  reck- 
i^TSiBil  ck|Lifc!CA  of  £h€  eclipdc^  begin* 
firfl  pOBt  of  Afics^  or  \tiiial  cquj'^ 
Tfant  fiippafe  cbe  tun  he  now  in 
ihr  fSA  it^t^cdf  Lccv  w  fiLf#  ids  kmgiikdff  ufmt 
fipsf^fimr  Jiemes^  mmi  fmt  ff  amihrr  /  for  he  has 
Hirn%  pifi^  die  fo^mmm  of  Aries,  Taurus,  Ge« 
nn»  C«ic€r»  ihI  lour  ocgrecs  of  Leo^  and  is  in 
diefifib. 

The Uiitm Jt at f^ha^^Hy  bodies  is  reckoned 
in  lED  arch  of  m  ^RST  ciide  pafling  through  the 
pote  of  the  cclipcic  wad  a  given  liar,  imerceptcd 
bctyecn  the  cctipcic  and  tbe  ftar« 

The  z^Jisc  is  a  brosd  circle  in  the  heavens* 
aod  which  is  foroctimcs  applied  lo  an  armilluy 
fphcre  ;  it  cocicaiaft  tbe  nrelve  figns^  and  is  called 
the  lodiac,  becjofc^  acomltng  to  the  Chaldean  di^ 
irifiofi,  it  coofiftcd  ocily  of  animal  Bgures  ;  whaiit 
now  called  T  '  ."^  "'^^  ^.  rhem  rcrkoned  a  part  of 
Scorpio,  and  making  the  claws  of  that  animaU 

The  divilion  of  the  zodiac  into  twelve  parts 
coirefponds  with  the  divifion  of  the  year  into  twelve 
months,  and  therefore  plainly  anfwers  to  the  appa- 
rent motion  of  the  fan.  This  zone  reprefents  the 
ipace  or  limits  to  which  the  planets  ftay  on  each 
iide  the  ecliptic,  which  is  about  five  degrees,  fO 
that  the  breadth  thereof  is  about  ten  degrees* 

Of  the  Colures,  Tropics,  and  Polar  Circlk; 

The  next  circles  of  the  fphcre  we  are  to  con- 
fidcr  are  thofe  two  called  the  colures.  both  of  which 
pafs  through  the  poles  of  the  world,  and  cut  the 
#quator  at  right  angles. 

One  of  thefe  palTes  through  the  equinodial 

points^ 
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pniintSj  and  is  called  the  equinoSIial  colure  ;  the 
other  paffes  through  the  folftitial  point,  and  is 
called  thtfoljlitial  colure. 

The  colures  are  in  a  manner  the  boundaries  of 
the  year,  for  they  point  out  the  fcafons  by  their 
two  oppofite  parts  of  the  ecliptic.  The  folftitial 
colure  pafles  through  the  poles  of  the  ecliptic. 

The  two  tropics  are  parallels,  and  diftant  23  ^ 
degrees  from  the  equator  on  each  fide  of  it,  at 
which  diftance  they  touch  the  ecliptic  in  the  /i)U 
fiitial  points. 

While  the  fun  is  going  from  Aries  to  Cancer, 
he  advances  every  day  more  northward,  till  he  come$ 
to  Cancer  his  moft  northward  fituation ;  after  which 
he  begins  to  defcend  to  Libra,  getting  every  day 
more  fouthward  than  before.  Now  when  he  is  lit 
the  beginning  of  Cancer,  he  changes  his  motion, 
and  tarns  from  going  northward  to  go  fouthward ; 
this  turning  back  is  meant  by  the  word  tropic^ 
from  whence  the  parallel  pafling  through  Cancer 
is  called  the  tropic  of  Qancer  j  and  for  the  famtf 
reafon  the  other  is  called  the  tropic  of  Capricorn^ 
becaufe  there  the  fun  returns  from  the  foutherly 
courfe  to  the  northern  one. 

On  the  fphere  they  ref5refent  the  parallels  in 
which  the  fun  moves  on  the  longejl  andjborteft  days 
in  the  year :  in  other  words,  when  he  has  the 
greateft  and  Icaft  meridian  altitude,  that  part  of  the 
tropic  which  is  above  the  horizon  reprefents  Che 
length  of  the  day,  and  that  part  which  is  beneath 
the  horizon  reprefents  the  night.  Now  you  muft 
obfcrve  from  the  fphere,  that  the  day  is  the  longeft 
when  the  fun  is  i;i  the  tropic  of  Cancer,  and  the 
night  the  Ihortefll  of  all  others  in  the  year;  in  the 
fame  manner  the  ^wo  parts  of  the  tropic  of  Capri- 
corn (hew  the  l<*ngeft  day,  and  fhorteu  night  of  the 
fear. 

The  polar  circles  are  two  imaginary  circles  in 

thi 
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l^iK  mi©  :r*^«i5cr  athcr  tropic,  have  one 
«  :^  imvcs^^  iar  ^tdr  ardic,  and  the  other 
&r  Tacar  skkt^^x:  ciicle  ^  liicss  the  names  of  mmv- 
^i^M^  «?dfci  iavc  boca  ^^nca  to  the  iromuubic 
pCkliB^  OKJC^  mm3i  are  only  arctic  and  antardic 


C^  A  iLR^rr  PxajiLUx  axd  obliope  Sphere, 

Ttere  art  drree  £xuations  of  the  cdcftial 
%&K?t  rricitT  :©  :5»  inhabitants  of  the  earth,  of 
^d»c\:  ^^rc:  mar  form  a  xeiy  clear  concept-ion  by 
it^cas^  «^  die  jrrmzl^jryjykrrf. 

C- X  T^rT:Jphfr^\  CT  ef  theft  imbahitamts  who 
i^  M^TistiT  ^tff  rfmMTvr.  To  (hew  the  pofition  of 
t>5^  c^rcks  of  tie  Iphcrc  with  refpefi  to  thcfe  inha- 
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iitants^  bring  the  equator  into  the  zenith,  and  the 
*\h)1cs  of  the  world  lie  in  the  horizon.  The  equator, 
the  tropics,  and  polar  circles,  all  Hand  perpendico- 
!ar  to  the  horizon ;  the  heavenly  bodies  always 
rife  and  fet  perpendicularly;  and  as  the  horizon 
^•cuts  all  the  circles  in  half,  the  days  and  nights  will 
^bc  equal  throughout  the  whole  year.  This  por- 
tion is  called  a  right  fphere. 

Under  the  equator  the  ftars  muft  every  day 
appear  to  rife  out  of  the  horizon,  then  to  afcend 
perpendicularly  for  fix  hours,  and  defcend  perpen- 
dicularly for  the  fix  following  hours,  fet  and  re- 
main below  the  horizon  twelve  hours  fucceflively* 
The  planets  do  the  fame,  there  being  no  differ- 
ence between  them  and  the  fixed  ftars,  but  that  the 
latter  always  defcribe  the  fame  parallel ;  whereat 
the  parallels  defcribed  by  the  former  differ  every 
day,  being  greater  or  lefs  according  to  their  dif- 
tance  from  the  equator- 

A  parallel  fphere.  This  pofition  is  to  Ihcw 
the  fituation  of  the  heavens  to  an  inhabitant  who 
lives  under  the  poles ;  bring  the  pole  therefore  in 
the  zenith,  the  axis  is  now  at  right  angles  to  the 
horizon,  the  equator  and  horizon  coincide,  and 
the  tropic  and  polar  circles  are  parallel  thereto; 
here  there  will  be  but  one  day  and  night  through- 
out the  whole  year  :  for  the  fame  reafon  the  moon» 
in  half  her  monthly  revolution,  will  never  rife,  and 
in  the  other  half  will  never  fet.  The  fixed  ftars 
will  every  day  defcribe  circles  parallel  to  the  ho- 
rizon, fome  never  ri/ing,  others  nt\tvfeiti7tg. 

Hence,  alfo,  an  inhabitant  at  the  north  pole 
has  the  fun  above  his  horizon,  and  therefore  per^ 
fetiialday  all  the  time  the  fun  is  on  the  north  fide 
of  the  equator,  that  is,  for  fix  months  together. 
But  the  fun  is  below  his  horizon,  and  it  is  nifbt 
with  him  all  the  time  the  fun  is  on  the  fouth  (ide 
pf  the  equator,  which  is  alfo  for  fix  months :  or^ 

in 
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in  other  words,  the  fun  will  be  feen  for  half  ayear« 
^and  then  it  will  be  day ;  and  it  will  be  hidden  for 
hsklfz  year,  and  then  it  will  be  night.   . 

An  oblique  fpbere.  Wc  are  lituated  in  an  ob- 
Jique  fphere.  This  pofition  agrees  with  the  inha- 
^bitants  who  live  neither  under  the  poies^  nor  under 
•tbe  equator ;  here  the  equator,  and  all  the  circles 
parallel  to  it,  make  oblique  angles  with  the  hoi 
rizon. 

It  is  evident,  that  in  this  lituation^  all  the  pa- 

-^rallcls  to  the  equator  are  divided  by  the  horizon 

into  two  unequal  parts,  but,  the  equator  into  twp 

•  equal  parts;  confcquently  the  day  and  night  ace 
-never  equal  to  an  inhabitant  in  an  oblique  fphere, 

but  when  the  fun  is  in  the  equator,  that  is,  twice  a 
.year,  on  the  20th  of  March,  and  the  22d  of  Sep- 
tember. All  the  reft  of  the  year  the  days  are  either 
Ipnger  or  (horter  than  the  nights;  and  the  fun, 
which  always  appears  to  move  in  the  ecliptic,  de- 
fcribesonc  of  the- parallels  to  the  equator,  which 
are  all  cut  by  the  horizon  into  two  unequal  parts. 
On  the  northern  fide  of  the  equator,  the  days  are 
longer  than  the  nights,  as  long  as  the  fun  is  on  the 

•  north  fide  of  the  equator ;  but  the  nights  arc  longer 
.than  the  days,  when  the  fun  is  to  the  fouth  of  the 

equator. 

The  portion  of  the  parallels  above   the  ho- 
rizon is  greater  in  proportion  as  they  arc  nearer  the 

'  elevated  pole;  but  vvhcn  tlic  dii^ance  of  the  paral- 
lel from  the  pole  becomes  lefs  than  the  elevation 
of  the  pole,  then  that  parallel,  and  all  thofc  which 
are  included  within  it,  are  wholly  abpve  the  hori- 
zon, no  part  of  them  ever  fating  or  pafling  under 
it.     The  contrary  happens  in  the  parallels  that  are 

.  lituated  towards  the  deprefied  pole,  a  fmaller  por- 
tion of  thefe  being  above  the  horizon,  and  the 
greater  part  lying  under  it.  Thofe  parallels  which 
are  nearer  the  deprcflcd  pole,  than  the  ckvatii;rj  i  f 

the 
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tfic  pole,  or  latitude  of  the  place,  remain  pcrpe* 
tually  (together  with  the  ftars  included  withia 
them)  under  the  horizon,  and  are  never  vifiblc 
<o  us. 

The  arch  of  the  equator  intercepted  between^ 
>the  beginning  of  Aries,  and  a  ftar,  &c.  when  ox^ 
the  meridian,  is  called  it's  right  ajcenfion.  It  is  fo 
called,  becaufe  in  a  right  fpbere  that  point  of  the 
equator  which  rifes  with  a  ftar,  &c.  comes  alfo  to 
the  meridian  with  it.  Hence  you  find  the  right 
mfcenfion  of  a  ftar,  &c.  by  bringing  it  to  the  me^ 
ridian ;  for  that  point  of  the  equator  which  comes 
to  the  meridian  with  it,  is  it*s  right ^afcenilon. 
The  right  afcenfion  of  a  fixed  ftar  is  always  the 
jfame,  but  that  of  a  planet  varies. 

The  arch  of  the  equator  intercepted  between 
•the  beginning  of  Aries  and  the  point  of  the  equa- 
tor, rifing  or  fetting  along  with  any  heavenly  body, 
'is  called  the  oblique  afcenfion  or  dejcenjion. 

The  difference  between  the  right  and  obliqu* 
•defcenfion  is  called  the  afcenjional  difference^ 
Many  problems  folved  by  the  globes  may  be  per- 
formed with  the  fpherc  ;  it  is  unnecelTary  to  fpealc 
of  thefe  here,  as  I  have  only  introduced  the  fphere , 
to  give  you  clear  and  fatisfadory  ideas  of  the  cir* 
cles  ufed  by  aftronomers. 

In  the  middle  of  this  fphere  I  have  placed  a  fmall 
globe  of  the  earth,  fupportcd  by  an  axis,  the  ends  o^ 
ivhich  go  through  the  fphere  in  the  places  of  the  ce- 
leftial  poles.  It  is  fo  contrived,  that  you  may  either 
turn  the  globe  round  within  the  fphere,  or  turn  the 
fphere  round  the  globe  ;  thus  this  inftrument  will 
exhibit  the  real  motion  of  the  earth  round  it's 
4xis  within  the  fphere  of  the  heaven,  or  the  appa- 
rent motion  of  the  heaven  round  the  earth.  It 
will,  therefore,  ftiew  you  the  correfpondence  be- 
tween the  terreftrial  and  celeftial  fpheres,  and  that 
the  appearances  of  the  h^^venly  bodies  would  be 
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the  fimc  to  u«,*  whether  they  moved  round  the 
mrih  as  they  appear  co  do,  and  che  carch  flood 
ftili  i  or  thrf  (land  llill^  and  the  canh  ii  earned 
roimdthe  contrary  way. 

The   a  p  pear  ANDES   or    the    Starry     Heavexi 

iLLySTRATED  Mf  AN  Ai^MlJLLAKY   SpHERl, 


By  the  fphere  you  will  readily  perceive  ihf 
truth  of  I  he  poiitions  flatcd^  when  1  was  treat- 
ing of  the   apparent  iiiOlion  of  the    ftarry  hea* 

VCM.  ll 

You  here  fee  that  the  poles  of  the-carth,  wheii 
extended,  reach  the  pole^  of  the  heavens.  By 
placing  a  fmall  patch  on  the  different*  circles  of 
the  rphere  to  rcprefent  ftars,  you  perceive,  tha|' 
ihofc  which  are  furtheil  from  the  poles  will  dc« 
fcribe  the  greatcft  circles  ;  and  thofe  will  dcfcribc 
*thc  largell  polTible  circles  char  are  fituated  in  the 
equator,  which  is  equi-dirtant  from  both  poles. 
You  here  perceive,  that  a  ftar  has  acquired  it's 
greateft  elevation  when  it  comes  to  the  upper 
lemicircle  of  the  meridian,  and  it's  greateft  dc- 
prellion  when  it  is  at  the  lower  circle  of  the  mc»- 
ridian  ;  and  that  the  arch  of  it's  apparition  is  bi^ 
leded  at  the  meridian. 

The  fphei-c  alio  fliews  you  plainly,  that  if  the 
circU  of  rd'oluttcn  be  between  the  equator  and  the 
pole,  which  is  above  the  horizon,  the  greateft  por- 
tion thereof  will  be  viliblc;  but  if  it  be  on  the 
other  fide  the  equator,  the  fmalleft  portion  will  be 
viliblc.  One  half  of  the  equator  is  always  vifible, 
fome  circles  of  revolution  arc  wholly  above  the 
horizon,  and  fome  wholly  below  it ;  a  ftar  in  one  of 
the  firft  is  always  fcen,  and  one  in  the  laft  is  never 
feen.  A  phenomenon,  whofe  circle  of  diurnal 
j:ev0lutioa  is  on  the  fame  fide  of  the  equator  with 
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be  elevated  pole,  is  longer  vifible  than  it  U  invifi- 
le ;  the  contrary  obtains  if  k  be  on  the  other  fide 
"  the  equator. 


h  THt   Fixro    Stars,    Celestial  Signs,  and 

COMSTELLATIONS. 

No  part  of  the  univerfe  gives  fuch  enlarged 
leas  of  the  (Irudlurc  and  magnificence  of  the  hea- 
vens, as  a  conlideration  of  the  number,  magnitude, 
and  diftance  of  the  fixed  ftars.  We  admire,  in- 
deed with  propriety,  the  vaft  bulk  of  our  own 
globe  ;  but  when  we  confidcr  how  much  it  is  fur- 
paifcd  by  moftof  the  heavenly  bodies,  what  a  point 
it  degenerates  into,  and  how  little  more  even  the 
vaft  orbit  in  tvhich  it  revolves  would  appear  when 
f^cn  from  fome  of  thefe  ftars  ;  we  conceive  more 

{'lift  ideas  of  the  extent  of  the  univerfe,  and  of  the 
)oundaries  of  the  creation. 

Among  the  many  diftinftions  that  charaderize 
the  fixed  ftars  from  other  luminaries  of  heaven, 
that  which  is  afforded  by  their  light,  or  peculiar 
luftrc,  i«}  the  moft  obvious. 

The  light  of  the  planets  is  ftcady^  becaufe  it 
is  rcfletited  ;  that  of  the  ftars  is  bright  inJ  lively, 

I  and  accompanied  with  a  kind  of  vibration  of  light, 
phich  we  call  twinkling.  This  is  fuppofed  to 
ilrifc  from  the  nature  of  their  light  as  intrinfic, 
and  not  received  and  rcHeded,  and  principally 
from  the  fmallncfs  of  their  apparent  diameter. 
Our  attnofphcre  is  full  of  innumerable  little  par-* 
tides,  w^hich  arc  continually  floating  in  it;  many 
of  thcfe  are  largt:  enough,  on  coming  between  the 
eye  and  fuch  a  point  as  a  fixed  ftar,  to  hide  that 
point,  or  take  that  ftar  out  of  our  view,  by  inter- 
cepting it*s  rays.  But  thefe  atoms  arc  in  perpe- 
tual motion,  fo  that  the  ftar  15  no  fooner  hid  by 
Vol.  III.  Oo  one 
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one  of  them,  than  it  appcan  again,  becaufit  i 
atom  has  changed  itV  place;  liven  Another  cog 
and  af^in  intercepts  the  view :  thefarifirfijci 
of  thele  moving  particles,  greatly  afliOi  in  < 
that  appearance  which  wc  tami  twinktite.  ^ 
ottF  probably  arijie  f rom  ibmiediikig  in  me  cf^i 
fdf,  for  we  arc  continually  (htfting  and  cloi^' 
them,  e\cir  when  we  are  not  confcioiis  ofdg^  A^ 
and  a  flar  bein^  but  a  point,  the  fmalkft  nwciono^ 
the  eye  is  fufiicicnt  to  make  us  lolc  it;  pcr]uip% 


the  impreffions  are  lb  weak,  as  not  to  be  .able  tt  j 
keep  the  Tifive  faculty  awake,  except  as  it  wait 
by  tits; 

As  the  liars  do  iiot  chai^  their  relative  fita^ 
tions  one  to  the  other,  ana  as  they  are  ufed  to; 
compare  the  relations  and  motions  of  the  pjanecv 
it  became  neceilary  tq  find. out  ibme  method  pf 
diftincruiihing  the  (hirs  from  each  other ;  and  u 
ihev  do  not  change  their  relative  pofitions,  aftro- 
nomcns  enJ;:avv)urcd  to  aiake  an  exact  defcriptionof 
the:;;,  anJ  i^v  !^\.  t-:cJ  cbilTv.irions  determined  the 
pciirion  .\  :J  .  rJ.r  v. hi^h  fiiblirts  among  them. 

To  a'.o\i  jopjV-iion  in  defcription^  and  be 
aMc  tv^  poir.:  o.::  :iny  particular  ftar,  without  being 
cM'.c::^  :.^  l::\w  a  nan-ie  to  each,  they  are  divided 
ii;:o  iV'-erai  p.^r^ils  ;  to  each  of  thcie  parcels  is 
a:I:c:iev;  a  t'tr  re  a:  rlea.jre;  thclc  afiemblages, or 
groji  cs  of  i:.-r>,  are  v.Mlicd  coxstellations.  Thus 
a  r.»:rr/ocr  c:  :':.irs  near  the  north  pole  is  called  the 
ii.:\  bccaiue  rhe  liars  which  compofe  it  arc  at 
r::c':;  J:/:injwS  from  each  other,  that  they  may  &lt 
u  ithir.  :>.c  f:c^rc  of  a  bear.  Another  conltellaiion 
is  callcw!  L'::e  *.r,  b.-jaufe  that  coIleclioQ  of  ftars 
vhich  co::^/.:'o  1:,  is  reprefentcd  upon  a  celdlial 
globe  a^  conrorlied  within  fomc  part  of  the  figure 
cf  a  iliiD. 

The  Jiviiior?  of  the  liars  into  conftellations  » 
of  the  hi^hcil  anti.juitv;  there  arc  co  books  (6 

anciccTj 
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ancient^  in  which  the  heavens  are  at  all  conlidered, 
but  we  find  them  treated  of  as  diftinguiflied  into 
conftellations ;  H^^iod  and  Homer  mention  feve- 
ral  by  names  that  are  now  khown^  and  we  find  Job 
ipeaking  of  Orion  and  the  Pleiades.  //  was  not 
from  ignorance  that  the  moft  ancient  people  af- 
iigned  the  names  of  men  and  beafts ;  they  had  in 
many  things,  rcafons  which  are  not  conunon  to  us, 
and  it  was  fo  in  this  ;  and  thofe  who  attend  to  the 
ufe  and  application  of  the  images  drawn  from  natw- 
ral  obje£is  in  the  fcriptures*  will  not  find  it  diffi- 
cult to  decypher  the  hieroglyphic  language  of  the 
heavens,  and  they  will  alio  find  itapleafingfource 
of  rational  entertainment. 

As  the  fixed  ftars  appear  of  different  degrees 
of  magnitude  and  fplendor,  they  are  divided  into 
fix  different  claflcs.  Thofe  which  feem  the  largcft 
and  brightcft,  are  called  ftars  of  the  frjl  magnitude  ^ 
the  fmalleft  that  we  can  fee  with  the  naked  eye, 
gre called  ftars  of  the  ftxth  magnitude:  and  the 
intermediate  ones,  according  to  their  dilFerent 
apparent  fizes,  are  called  of  the  fecond,  third, 
fourth,  or  fifth  magnitudes.  Thofe  ftars  which 
cannot  be  fccn  without  theaffiftanceof  atelcfcope, 
are  not  reckoned  in  any  of  thcfe  clalTcs,  and  are 
called  T£L£Scopic  stars. 

By  a  kno\^  ledge  of  the  fixed  ftars  and  their  po- 

fitions,  we  obtain  fo  many  fixed  points,  by  w  hich 

we  may  obfcrve  the  motions  of  the  planets ;  and 

the  relation  of  thcfc  motions  to  each  other,  which 

.  O  o  2  become 


♦  The  application  of  the  images  drawn  from  natural  objeds  to 
fptritual  lubjefls  in  the  fcriptures,  gives  a  full,  clear,  fatisfaOory, 
ind  univerUl  key  to  all  the  heaihcn  mythology ;  ic  includes 
and  explains  the  partial,  agricultural,  and  adronomical  views  of 
this  fuLjedl ;  fills  up  their  deficiencies;  fhews  their  true  value, 
and  leaves  French  aftronomers,  and  their  atheiRical  views,  to 
the  deferved  contempt  that  their  affc&at ion  of  wildom  and  their 
jTtal  ignorance  dcfcrvcs. 
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become  fo  many  land  marks  (if  the  word  maybe 
allowed)  to  afcertain  the  fituaiions  of  olbcr  celef- 
tial  bodies,  and  the  varieties  to  which  they  arc 
fubjeA.  For  from  the  fame  place^  the  motions  of 
the  heavenly  bodies  can  only  be  eftimated  by  thfc 
angle  formed  at  the  fpeclator's  eye,  by  the  fpacc: 
nhich  the  moving  body  pafles  over. 

To  mcafure  thefc  fpacesj  the  ftars  muft  be 
ufed,  and  they  are  confidered  as  fo  many  luminottf 
points  fixed  in  the  concavity  of  a  fpherc,  whofc 
radius  is  indefinite,  and  of  which  the  obfervcr'i 
eye  is  the  center.  W'c  learn  from  hence  the  nc- 
cefTity  of  forming  an  exafl  catalogue  of  the  ftars, 
and  of  determining  their  pofitions  with  accuracy 
and  care.  With  fuch  a  catalogue^  the  fcicncc  of 
aftronomy  begins. 

Although  to  thofe  who  are  unacquainted  with 
the  nature  of  celeftial  obfervation,  it  might  at  firft 
fight  appear  almoft  impoffible  to  number  the  ftars; 
yet  their  relative  fituations  have  been  fo  carefully 
obferved  by  aftronomers,  that  they  have  not  only 
been  numbered,  but  even  their  places  in  the  hea- 
vens have  been  afccrtaincd  with  greater  accuracy, 
than  the  relative  fituation  of  moft:  places  on  the 
furface  of  the  earth. 

The  greateft  number  of  ftars  that  are  vifiblc 
to  the  naked  eye,  are  to  befeenona  winter's  night, 
when  the  air  is  clear,  and  no  moon  appears.  But 
even  then  a  good  eye  can  fcarce  diftinguifti  more 
than  one  thoufand  at  a  time  in  the  vifible  hemi- 
fphcre  :  for  though  on  fuch  a  night  they  appear  to 
be  almoft  innumerable,  this  appearance  is  a  de- 
ception, that  arifes  from  our  viewing  them  in  a 
tranfient  and  confufed  manner;  whereas,  if  you 
view  them  diftindly,  and  only  confider  a  fmall 
portion  of  the  heavens  at  a  time,  and  after  fome 
attention  to  the  fituation  of  the  remarkable  ftars 
contained  in  that  portion,  begin  to  count,  you  will 
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be  furprized  at  the  finallnefs  of  their  number, 
and  the  cafe  with  which  they  may  be  enume- 
rated. 

Hipparcbus,  the  Rhodian,  about  an  hundred 
and  twenty  years  before  the  birth  of  Chrift,  was 
the  firft  among  the  Greeks  who  reduced  the  ftars 
into  a  catalogue  ;  daring,  according  to  Pliny,  •*  to 
undertake  a  thing,  which  fecmed  to  furpafs  the 
power  of  a  divinity  ;  that  is,  to  number  the  ftars 
for  pofterity,  and  to  reduce  them  into  order  ;  hav- 
ing contrived  inflrumcnts,  by  which  he  marked 
the  place  and  magnitude  of  each  ftar.  So  that  by 
thefe  means  we  can  eafily  difcovcr,  not  only  whe- 
ther any  of  the  ftars  pcrifti,  and  others  grow  up, 
but  aifo  whether  they  move,  and  if  fo,  the  diredlion 
of  their  motion,  whethcrthey  increafeordiminifii; 
thus  putting  fjoftcrity  in  poiTedion,  as  it  were,  of 
the  heavens."  His  catalogue,  firft  adopted  by 
Ptolemy,  contained  only  1026  ftars.  Since  that 
time  the  lift  has  been  confiderably  augmented,  and 
h  daily  receiving  frefli  increafe,  by  the  improve- 
ment of  telcfcopes. 

Several  aftronomers  have  followed  Hipparchus 
in  the  fame  arduous  undertaking*  In  j6oj,  J, 
Bayer  publiftied  celeftial  charts  of  all  the  known 
conftellations,  and  of  the  vifible  ftars  of  which 
they  arc  compofed.  In  thefc  charts  every  ftar  is 
diftinguifhed  by  a  letter.  The  largeft  ftar  in  the 
conftellation  is  marked  with  the  firft  letter  of  the 
Greek  alphabet ;  the  next  in  apparent  lizc  is 
marked  with  the  fecond  letter,  and  fo  on-  If  there 
are  more  ftars  in  the  confteilation  than  there  arc 
letters  in  the  Greek  alphabet,  he  marks  the  re- 
mainder with  the  letters  of  the  Roman  alphabet. 
%Vhcn  a  ftar  is  mentioned  with  the  letters  of  the 
Greek  or  Roman  alphabet,  it  is  alwa)^  with  the 
additional  name  of  the  conftellation  to  which  it 
belongs;  and    thus   to  thofc  who  arc  acquainted 
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with  the  figures  of  the  conftcllations^  and  with 
the  catalogue  of  fixed  ftars,  it  becomes  as  dcia- 
niinate  a  denomination,  as  if  the  ftar  was  called  %f 
a  proper  name,  and  the  fame  purpofe  is  anfl^crcd 
in  a  more  familiar  manner,  an^  wiih'^kfs  bunhc!i 
upon  the  memory*  Among  the  various  catalogue^ 
the  moft:  copiou?,  and  as  generally  cfteemed  tk 
bctl,  is  that  called  Hiftoria  Coeleftis,  of  our  cosir 
tryman,  Flamftecd.* 

The  number  of  the  ancient  confteltatiom  ^^ 
48  ;  in  thefe  were  included  1022  Oars.  Many 
conftellations  have  been  added  by  modern  aih-o- 
nomcrs;  fo  that  the  catatognes  of  FlamfttTdani! 
De  la  Caillcj  when  added  together,  are  found  to 
contain  near  five  thoufand  ftars-  The  namci  cf 
the  conftellations,  their  fituarion  n  the  heavens, 
with  other  particulan,  are  bell  learned  by  fliidy*  _ 
ing  the  artilicial  reprefentation  of  th^  heavens,  i  | 
felijiial  gMf. 

The  galaxy  or  mifky  tvoj  muft  not  be  neg- 
leftcd';  it  is  on^  of  the  moft  remarkable  appear- 
ances in  the  heavens;  it  is  a  broad  circle  of  a 
Mhitifli  hue,  in  fome  phces  it  is  doable,  but  for 
the  nioft  part  confilh  of  a  iinglc  path  furrounding  \ 
the  whole  cclelUal  concave.  The  great  Galileo 
difco%'cred  by  the  teJcfcope,  that  the  portion  of  the 
heavens  which  this  circle  paffes  throu^,  was  \ 
every  where  filled  w  ith  an  infinite  multitude  of 
exceeding  fmall  fiars,  too  fmall  to  bedifcovcrcdbj 
the  naked  eye  ;  but  by  the  combination  of  their 
light  diftufing  a  (liining  whitenefs  through  the  hea- 
vens. Mr.  Brydone  fays,  that  when  rip  wasattlic 
top  of  Mount  Etna,  the  milky  way  had  the  moft 
beautiful  effcd:,  appearing  like  a  pure  flame  that 
fhot  acrofs  the  heavens. 

This  idea  of  the  milkv  way,  that  it  is  formed 

of 

♦  A  .new  one  has  lately  been  ^publiflied  by   the  Rev.  Mr. 
W'ooUflon. 


On  Astronomy.  569 

fay,  how  far  the  univerfc  extends,  or  where  ar 
the  limits  of  it  ?  where  the  Creator  ftaycd  "  his 
rapid  wheels/*  or  where  he   '*  fixed   the  gold 
compafles  ?*' 


trn^ 


To  OBTAIN  A  Knowledge  of  the  Constej^latioxs. 

Let  us  fuppofe  ourfelvcs,  in  a  frofty  and  bright 
evening  of  the  month  of  Januaryy  feated  about  nine 
or  ten  o'clock,  on  a  comiiiandifig  eminence,  be- 
neath an  open  fky ;  when  every  planet  walks  for- 
ward in  fteady  ftatclinefs,  when  the  hoft  of  ftars 
crowd  the  heavens  with  glory* 

The  firll  view  of  the  heavens  creates  a  confu*- 
lion  of  pleafure  and  allonifhment.  The  gfncra^f 
irradiation  elevates,  htit  the  feemingly  irregulai^ 
aflcmbhige  confounds  the  mind*  Willmg  to  form 
an  intimacy  with  each  portion  of  thefe  glorious 
mafles,  fix  on  fome  of  the  moll  diftinguifhablc 
groups,  and  make  ufe  of  thofe  as  marks,  to  conduft 
you  through  the  reft.  To  every  clump  of  ftars,  if 
wc  may  ufe  the  cxprcflion,  we  will  affix  the  name 
that  antiquity  firll  gave  it. 

The  coMeAion  we  proceed  from  is  that  large 
irregular  fquarc,  uiihin  which  you  may  obfcrve. 
three  bright  fiars,  placed  very  near  each  other,  on 
a  ftrait  oblique  lincj  beneath  which  are  three 
others,  of  inferior  luftrc^  hanging  from  them  in  a 
manner.  This  the  anciencs  called  Orton*  The 
two  higheft  ftars  in  this  fquare  form  his  arms  1 
the  two  loMctt,  his  legs  ;  the  three  bright  ftars  in 
the  middle  are  his  belt;  and  the  three  fmallcr^ 
which  hung  from  them,  are  underftood  to  dciigii 
the  garment  that  covers  his  thighs,  or  more  pro- 
perly his  faulchion. 

Thefe   three   bright    ftars,  fomctimes   called 
Orwrs  lidi,  fomctimes  the  Three  Kings,  by  their 

diredtiott 
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The  Plcfa*^.  or 

tff  hung  w    K>  cj/  fnafijpd 

»e  «liB*ai  M  a  diidft  itae 

QriM'&  Beit  ^  Chty  arc  09  die  isck  «f 

Cittlltlbliim,  called  the  iUlL 

Tbau  TCTf  larfte  flir,  oa  a  sS^  Ine;  Wf  ^ 

betwixt  f>ic  Pktad!^  axid  theft^  thx  foisAdE 

« tO'-m  ITioulckr  of  OsioOj  it  called  cbc  JUTlr  £i; 

or  Alil'^bamfi. 

"^        Ihae  Urg£  fbf»  «!iicli,  jrpu  hbt  pcrcci^ 

rmt  a  rnnn)^k  of  equal  £dn  with  Sirtoi  ail 

•       *€Ji'!^  Bell,  If  called  Pra^on^  or  toe  LtferDtg, 

&Hiki  to  the  north  d!  Sinui^  xnd  to  the  oft  d 

itDaginc  a  ftrait  litr,  ^eitrndii^  tovanb  tfac 

♦north,  f  rom  Procyon  or  the  LdTer  Dog ;  and  the 
ftrtt  brifjjht  ftar  it.  meets  with  i$  Cajior,  or  one  o( 
the  conftcllations  called  yu^/yyj:  very  near  which  is 
another  bright  lUr,  called  Pollux,  the  fecond  of  the 
Twins.  This  laft  lies  fouth-caft  with  regard  to 
Cttrtor. 

Thofc  four  Aars  that  lie  in  a  right  line,  at 
jcqual  di(tancc«,  and  about  half  way  betwixt  the 
tuft  fliouldcr  of  Orion  and  the  Twins,  are  the  four 
, feet Df  the  Twins. 

A  line  drawn  from  the  bright  ftar  that  forms 
.  the  well  foot  of  Orion,  through  the  flar  that  forms 
his  wdkrn  Ihuuldcr,  carries  you  on  to  the  next 
liar,  called  the  fouibcrn  born  of  the  Bull.  This 
liar,  and  the  uc(l  foot  of  Orion,  arc  equally  diftant 
from  his  wcfl  Ihouldcn 

The  mrilcrn  hern  of  the  Bull  is  brighter  than 

the 
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the  fouthern ;  it  lies  on  a  ftrait  line  with  the  caft 
Ihoulder  of  Orion,  and  the  fouthern  horn  of  the 
iJull. 

The  Ecliptic,  or  the  annual  path  which  the 
fun  feems  to  make  in  the  heavens,  paflcs  betwixt 
the  two  horns  of  the  Bull. 

A  line  prolonged  from  the  weft  foot  of  Orion, 
through  Procyon,  or  the  LeflTer  Dog,  brings  you  to 
that  very  bright  ftar  called  Reguliis^  or  the  Lion*5 
Heart,  which  lies  caft  by  north-eaft  from  Procyon, 
and  at  fome  diftancc  from  it. 

If  you  fancy  a  line  drawn  from  the  ftar  in  the 
middle  of  the  Twins,  through  Regulus,  it  will  there 
pafs  beneath  a  fquarc  of  bright  ftars  near  Regulus, 
which  form  the  conftellation  called  the  Lion.  The 
'firlt  bright  ftar,  lying  eaft  by  north-eaft  from  Re- 
gulus, and  almoft  as  large  as  itfclf,  is  called  the 
jLion's  Tail. 

Extend,  in  imagination,  a  line  from  a  bright 
Ijar,  that  lies  half  way  betwixt  the  feet  of  the 
Twins  and  their  heads,  towards  a  bright  ftar  that 
lies  eart,  and  it  will  pafs  through  the  Crab  (which 
lies  exadly  half  way  betwixt  the  Twins  and  the 
Lion)  remarkable  by  one  bright  ftar,  and  a  cloudy 
clump  of  fmall  ftars  adjoining  to  it.  This  con- 
ftellation, you  may  obl'erve,  is  hard  to  be  re- 
marked. 

If  you  fuppofe  a  line  drawn  through  the  TwinS, 
north-weft  by  north,  it  will  touch  a  bright  ftar  in 
the  helmet  of  the  conllellation  called  Auriga^  which 
is  at  a  confiderable  diftance. 

A  very  confpicuous  ftar  lies  fouth-weft  by 
fouth  from  this  one.  This  beautiful  ftar  is  called 
the  Gctit ;  and,  due  eaft,  oppoiitc  to  it,  lie's  another, 
which,  with  three  or  four  more  near  them,  fituafc 
to  the  fouth,  forms  the  whole  conftellation  of" 
Auriga. 

A  line  drawn  from  Procyon,  by  Aldcbaran, 

weftward. 
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wcftward*  leads  you  to  the  conflcllation  called  the 
Jiam,     This  is  reckoned  the  firft  conftellation  in 
the  heavenly  order,  fincc  the  mafs  of  flars  that 
form  it's  head,  lie  ncarcR  that  point  where  the  Cu 
(tquaily  divides  the  year,  making  the  nights  equ 
to  the  days.     The  firft  ftar  in  the   Ram's  Hor 
which  is  the  (lar  allronomcrs  reckon  from,  li 
thirty- fix  degrees  more  to  the   weft:  than  Aide 
baran. 

Draw  a  linr^  in  fancy,  from  the  Seven  Stan,' 
ct  the  Pleiades,  north-north-wc(l,  and  the  firft  very 
bright  flar  it  meets  is  the  firft  ftar  in,  or  the  Brea/ 
0/  Pnfeus  ,-  the  ftar  to  the   north-weft  of  this  i 
his  right  (lioulder:  the  ftar  to  the  weft  is  the  left 
and  the  very  brilliant  ftar,  fouth  by  fouth-weft  oCj 
the  Breaft  of  Pcrfeiis,  is  the  firft  ftar  in  the  con- 
Jtellation  called   Mtdnfa's  Head;  next  to  which^ 
there  are  three  others,  very  near,   that  form  the 
vhole  head^  fomcthing  in  the  form  of  a  fquTare 

The  very  bright  and  beautiful  ftar,  lying  eaft 
by  north-eaft  from  the  Lion's  Tail,  is  Afftmits^ 
the  largeft  in  the  conftellation  called  BoqIci^  (Ituate 
between  his  legs. 

The  mafs  of  ftars  weft  by  north-weft  of  Arc^ 
iurtis^  between  it  and  the  Lion's  TaiJ^  is  called 
Berenice's  Lock. 

A  line  drawn  from  Ar(5lurus,  north  by  north- 
weft,  falls  in  with  the  laft  ftar  of  the  tail  of  the 
capital  conftellation  called  the  Credit  Bear.  This 
laft  is  formed  by  fcven  ftars,  in  the  form  of  a 
plough  :  it  is  the  n»oft  confpicuuus  conftellation  in 
the  heavens,  and  therefore  may  fervc  to  point  out 
others.  Of  this  conftellation,  the  four  ftars  that 
he  towards  the  north  form  an  irregular  fquare  :  of 
which  the  two  ftars,  that  arc  the  moft  northern, 
'point  norchivards,  to  a  bright  ftar,  not  very  dtftant, 
which  is  called  the  P^Jitr  fliir,  as  it  lies  only  two 

degrees, 
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l«  or  thereabouts,   from   the  pole  of   the 

The  Szvan  is  a  very  remarkable  conftellation, 
the  form  of  a  great  crofs*     A  line  drawn  from 
ic   Twins,    through    the    polar   ftar,  meets   the 
iwan  on  the  other  (idc^  at  much  about  the  fame 
diftanrc. 

A  line  drawn  from  the  northern  fide  of  the 
|aarc  of  the  C7rcat  Bear,  through  the  pole,  pafles 
1  the  middle  of  the  conftellation  of  Pegafus. 
.00  is  a  fquarc,  formed  by  four  bright  ftars, 
%t  moll  northern  of  which  forms  the  head  of  An^ 
A    Ime    carried,    in   fancy,    from   the 
„..^;s  to  the  Ram,  falls  upon  AlgrniS^  the  beau- 
iful  ftar  in  the  wing  of  Pegafus\     The  moft  nor- 
thern of  the  fouthcrn  rtars  of  Fegafus,  are  called 
Sbtat,  and  Miirkab :  Schcac  lies  to  the  north,  and 
larkab  to  the  fouth. 

Ciifftopeia  is  a  conftelbtion  dire<^ly  oppnfircto 

le  Great  Bear,  through  the  polar  ftar,  in  fuch  a 

lanner,  that  the  line  that  pafTes  through  the  mid* 

Jle  of  the  Great  Bear,  by  the  polar  ftar,  palTcs  alfo 

khrougb  Cadiopcia  on  the  orhcr  fide  of  the  pole. 

This  conftcllation  is  formed  of  fix  or  fcvca  ftars, 

rthc  ftiape  of  a  chair  turned  upfide  down. 
Cepbeiis  is  that  confteilation  you  fee  contained 
bctwnxt  the  polar  ftar,  Caftiopeia,  and  the  Swan. 
A  line  drawn  from  the  polar   ftar  to  the  Swan's 
Tail,  palTes  through  the  two  firft  great  ftars  in  the 
conftcllation  of  Cepheu.^. 
H         The  Lilfer  bear  has  almoft  the  fame  fliape  as 
Bihe  Greater,  and  is  parallel  to  it,  but  the  licuation 
|Bifi  inverted,     1  he  polar  ftar  is  the  laft  in  it's  taiU 
nThc  two  largeft  ftars  in  this  confteilation  arc  on  a 
line  drawn  through  the  center  of  the  fquarc  of 
khc  Great  Bear,  perpendicular  to  both  it's  greater 
I  fides. 

The  Dragon's  Tail  lies  betwixt  the  polar  ftar 
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and  the  (quare  of  the  Great  Bear*  The  four  ftan 
in  it's  head  lie  foiith  by  fouth-caft  with  regard  to 
ihc  Leficr  Bear*  and  almoft  form  an  exaft  fquarc. 

Such  are  the  conftcllatK  "  mod  confpi-* 
cuouUy    adorn   the  face  of  ^   ifi  a  winter 

night.     Thofe  which  Qicw  ihcmfclvcs  during  the 
nights  of  fummer,  are  nor  i'o  eafily  noted  ;  but  by 
the  help  of  whai  1  have  pointed  out  to  you,  1  chink    m 
I  Ihall  be  able  to  render  them  diilingiiiihable.  H 

When  the  Oar  in  the  middle  of  the  tail  of  the^ 
Great  Bear*  is  in  the  mcrldiiin  above  the  polar  ftar, 
and  in  the  highcll  point  of  heaven,  which  hap- 
pens about  nine  o'clock  of  one  of  the  lafl  evenings 
in  May,  you  will  then  obfcrvcj  towards  the  fouth, 
in  the  meridianj  that  very  beautiful  liar  called  the 
Fir^ifi's  Spike.  You  fee  thii  ftar  forms  a  triangle, 
of  equal  CkIcs^  with  Arifturus  and  the  Lion's  Tail. 

A  little  more  to  the  right,  but  lower  than  the 
Vii^in's  Spike,  you  may  remark  a  kind  of  fquarc, 
formed  by  four  principal  Itars;  this  conilcllation 
is  called  the  Cro'^jiy. 

A  line  drawn  from  the  two  mod  eaftern  flars 
of  the  fquarc  of  the  Great  Be;u%  through  the  Lion's 
Heart,  Refrglu.s,  meets,  towards  the  fouth,  the 
Heart  of  Ilyilra.  It's  head  is  to  the  fouth  of  the' 
Crai,  betwixt  Procyon  and  Rcguhis.  This  con-' 
ftellation  of  Hydra  extends  from  the  LefferDog  to 
the  lower  part  of  the  Virgin's  Spike,  ^U 

Betwixt  Hydra  and  the  Crow,  but  to  the  weftfl 
of  this  laft,   is  fituatcd  tUc'Crait'r,  or  the  Cup.     '' 
The  kind  of  fmall  fquare  formed  by  it  is  remark- 
able enough,  fo  that  you  will  not  be  at  a  lofs  to  fix 
upon  it, 

A  line  drawn  ea(l*nortb^eafl  from  the  brighteft 
ftar  in  the  Swan,  reaches  the  bright  ftar  in  the  Lyre, 
which  is  one  of  the  moll  fplendid  in  the  heavens. 
It  ahnoft  makes  a  right-angled  triangle  with  Arc- 
lurusand  the  polar  ftar. 

The 
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The  Crown  is  that  fm.all  conftcllation,  fituatc 
betwixt  Arfturusand  the  Lyre:  it  fomctimes  (hews 
itfelf  in  the  form  of  an  oval,  with  eight  pretty  vi- 
fible  ftars :  fometimes  only  as  three  bright  ftars 
lying  very  clofe  to  each  other,  bearing  weft  by 
fouth-wcft  from  the  1-yre.  A  line  carried  from 
the  two  firft  ftars  in  the  tail  of  the  Great  Bcar^ 
points  out  the  Crown,  generally  called  Corona  Bo- 
realis,  or  the  Northern  Crown. 

That  very  rcfplendcnt  ftar,  which  you  fee  to 
the  fouth  of  the  Lyre  and  the  Swan,  is  called  the 
Eagle.  It  is  very  perceivable,  by  being  placed  in 
a  ftrait  line  betwixt  two  other  bright  ftars  that 
lie  very  near  it. 

The  clump  of  ftars  that  lie  to  the  fouth  of, 
and  next  to  the  Kaglc,  is  called  Anlinons^ 

The  line,  or  the  arch  of  a  great  circle,  which 
paffes  through  Rcgulus  and  the  Virgin's  Spike,  leads 
you  on,  eaft-fouth-caft,  to  a  very  bright  ftar  called 
Antaris^  or  the  firft  of  the  Scorpion.  This  con- 
ftcllation is  very  remarkable  ;  for  to  the  fouth  of 
this  very  bright  ftar  there  is  an  arch  of  ftars,  with 
the  concave  towards  the  north,  and  the  convex  to 
the  fouth,  which  forms  the  tail  or  fting  of  the. 
Scorpion.  Anrarcs  fccms  likcwife  to  be  a  center 
to  a  circle  of  bright  ftars  round  it. 

That  bright  ftar  that  lies  half  way  betwixt 
the  Virgin's  vSpikc  and  Antares,  is  the  fouthern 
fcaleof  the  conHellation  called  the  Ballance.  The 
next  bright  ftar  to  this,  north-caft  by  north,  is  the 
northern  fcale  ot  the  fame  conftcllation. 

That  other  conftcllation  which  follows  the 
Scorpion,  that  is,  fomewhat  more  to  the  eaft,  is 
called  Sagittarius.  The  Virgin's  Spike  and  An- 
tares  point  to  it,  caft-fouth-eaft.  It  lies  upon  a 
line  drawn  from  the  middle  of  the  Swan  through 
the  middle  of  the  Eagle. 

An  arch  drawn  from  Antarcs  to  the  polar 
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ftar,  firft  paflTcs  through  the  conftellation  called 
Ophiucus,  or  S^rpentarms^^nd  a  little  higher  meets 
the  conftcllation  HerrNlrs,  A  line  from  AniarcJ 
to  the  Lyre^  paiTcs  betwixt  the  hcacjs  of  Hercules 
and  Ophiueus,  which  He  very  near  to  one  another. 
The  moft  cafteVn  and  fouthern  of  the  two  is  the 
head  of  Ophiucus.  The  liars  that  lie  immediately 
to  the  north  of  the  head  of  Hercules,  form  the  con^ 
Act  tat  ion  of  Hercules ;  and  thofe  that  you  fee  t0 
the  fouth  of  the  head  of  Ophiucus,  conftiEute  tb 
conilcllation  of  that  name,  together  with  a  part  ol 
the  Serpent,  uhich  lies  ea(t  and  weft  of  Ophiucus 

A  line  draM  n  through  the  Lyre  and  the  Eagle, 
towards  the  fouth^eaft^  leads  you  to  thofe  two  ftars, 
near  each  other,  which  form  the  head  of  the  con- 
del  la  t  ion  called  Qiprk^rih  Thofe  two  other  ftars, 
much  about  the  fame  diltance,  lying  beneath  the 
tfaier-iearer  towards  the  fouth,  form  the  tail  of^ 
Capricorn,  1 

A  line  extended  from  the  Eagle  through  Ca-**^ 
pricorn's  tail,  almoft  fouth-eaft,  leads  you  to  that 
etfulgcnt   flat  called    Fomalhaut^  or  the  SouiherM 
¥ijh. 

The  fmall  group  of  ftars  in  the  form  df  t 
bright  crofs,  you  fee  next  to  the  Eagle,  lying 
north-eaft  by  caft,  is  called  the  Dolphin. 

Draw  a  line  from  the  Lyre  upon  the  Dolphin^ 
prolong  it  to  the  fouth,  at  the  fame  diftancc  from 
the  Dolphin  as  the  Dolphin  is  from  the  Eagle,  and 
the  conftellation  called  Aquarius,  or  Water- bearer, 
will  be  fituated  a  little  to  the  eaft  of  that  line. 
In  defcendmg  from  the  Dolphin  to  Fomalhaut, 
you  pafs  through  the  whole  length  of  Aquarius^ 
beginning  by  the  two  bright  ftars  that  form  his 
Ihoulders. 

Protraft  a  line  from  the  Goat  through  the 
Plerades,  and  it  will  lead  you  to  a  bright  ftar  that 
is  the  firft  ia  the  head  of  the  conftellation  called 

the 
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ibc  Whale,  A  line  drawn  firom  Aldebaran  through 
this  lafl,  carries  you  through  the  body  of  the 
Whale  down  to  the  bright  ftar  that  formij  it's  tail^ 
after  pafling  near  thofc  three  remarkable  ontt  that 
form  it's  back, 

Thofe  two  groups  of  ftars  that  lie  immediately 
fouth-eaft  and  north-eaft  of  the  great  ftar  in  the 
M^ing  of  Pegafus,  arc  called  the  Vtjbn^  The  firft 
bright  ftar  that  lies  fouth-eaft  of  thcfe  is  termed 
the  Fifhes  Knot,  fuppofed  to  join  them  together. 
This  laft  is  the  largeft  of  this  conftellation,  and  ii 
the  firft  bright  ftar  fituatc  to  the  fouth  of  the  Ram's 
head;* 

This  general  outline  of  the  places  of  the  con- 
ftellations,  may  in  time  form  an  habitude  of  re- 
ferring to  any  particular  fpot  of  the  heavens*  Buc 
the  fpace  is  too  wide  for  one  grafp.  I  have  only 
fliewn  you  the  cxpanfive  field  you  have  to  work  in. 

When  you  behold  the  flcVj  the  fplendor  of  tic 
ftarSi  and  that  grand  luminary  which  difcovers  all 
things  that  furround  you,  a(k  yourfelf  from  whence 
come  all  thefe  things?  Who  has  conftruded  this 
immcnfe  canopy  of  the  heavens?  Who  has  placed 
in  this  firmament  thofe  innumerable  lights  ?  Who 
has  appointed  thofe  ftars  to  move  in  fuch  order, 
and  that  fan  to  enlighten  and  fertilize  the  earth? 
And  your  heart  will  ahfwcr.  It  was  the  fowtr  and 
tin/dom  of  God  that  called  all  thefe  things  into 
being.  What  other  than  an  intelligent  and  omni- 
potent power  could  have  formed  that  grand  and 
magnificent  arch  above  us  ?  Who  could  have  given 
thofe  globes  xhat  perpetual  motion?  Whence  comes 
that  co/inetftion,  that  harmony,  that  beauty  dif- 
played  in  all  thc^r  parts?  Who  has  appointed  all 
^hefe  things  with  fo  much  exadnefs  in  number, 
H'.cight,  and  meafure?  Who  has  prcfcribed  lo  thefe 

Vol.  liL  Pp  immenfp 
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immcnrc  bodies  thofc  laws  difcoverable  only 
men  of  the  greatcfl  abilities^  and  mo  A  profound 
wifdom.  M 

AUthcfcqucftions  refer  to  thee,  most  adoha^ 
BLS  Creator,  felf-cxiftcnt,  independent,  infinirc 
being  t  to  thee  all  the  heavenly  bodies  owe  their 
cxiftence,  their  laws,  their  arrangements,  their 
power,  and  all  the  advantages  tiiey  are  of  to  thU 
world.  Love  prompted  thy  infinite  wisdom  to 
oontrivc,  and  employed  thy  omnipotence  to  exe- 
cute the  glorious  univerfal  plan  ;  love  ftiU  iocfinci 
the  Almighty  Maker  to  prefcrve  his  ftupcndous 
work,  to  uphold  the  perfect  order  running  through 
the  whole,  to  blefs  the  creatures  he  has  n^adc,  and 
under  it's  unccafing  influence  will  he  procecii 
throughout  all  the  boundlcfsages  of  eternity.* 

Divine  Love^  thou  fillcft  heaven  and  earth, per- 
Tadcft  the  mighty  whole  of  nature,  and  formeftihc 
finews  that  knit  together  all  the  parts  and  membcn 
in  amicable  concord.  The  earib^  that  holds  down 
heavy  bodies  on  her  furfacc,  is  but  a  mafsof  mat- 
ter divifible  beyond  the  reach  pf  human  comprchen- 
lion ;  the/«»  whofe  potent  grafp  compreffes  the  wide 
wandering  orbs  around  him,  is  but  an  alTemblageof 
innumerable  atoms.  It  is  the  united  foj-ce  of  imper- 
ceptible particles  that  together  form  that  gravita- 
tion which  fixes  the  cverlafting  mountain^,  binds 
down  the  reftlefs  ocean  within  his  capacious  bedi 
entangles  the  unconnected  air  that  it  diflipate  not 
itfelf,  keeps  the  moon  conftant  in  her  monthly 
courfes,  curbs  in  the  huge  planetary  worlds  and 
roving  comets,  that  they  tranfgrefs  not  the  due 
bounds  in  their  wild  excurfion.  Yet  matter  joins 
in  thofc  great  works  by  blind  neceflity  ;  a  general 
mechanifm  runs  through  the  component  parts,  and 
compels  them  to  ad  in  concert  as  one  agent ;  but 
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this  mcchanifm  muft  be  adminilleredj  and  the  force 
whereby  it  prevails,  begun  and  continued  by  fpirir 
tual  fubdance ;  for  body  can  only  tranfmit  the  mo- 
tion it  has  received,  and  is  but  the  channel^  not  the 
origin,  of  the  impulfe  it  conveys. 

By  THEE,  all-chearing,  all-fuflaining  love,  we 
may  approach  the  neareft  to  our  elder  brethren^ 
enthroned  aboveJn  realms  of  blifs  and  glory;— by 
thee  beft  attain  fome  faint  refemblance  of  our 
Maker,  for  God  is  love,  and  without  it  the  migh- 
tieft  of  his  creatures  are  nothing.  When  it*s  well 
woven  bands  unite  focieties,  they  aft  with  greater 
vigour,  and  to  better  purpofe,  than  private  intercft, 
fear,  and  cobweb  law  can  make  them ;  and  wcrt 
thou  to  prevail  throughout  mankind,  thou  wouldft 
banifh  war  and  injury,  wafte  and  idlenefs,  vanity 
•^d  competition,  and  redore  aparadiCbupon  earth. 


END  OF  VOL.  III. 


